














WELL DONE. 



Attempting to analyze stacks of raw data 
can be frustrating if they can’t be transformed 
into meaningful information that you can 
easily understand and use. Trends, relation¬ 
ships, insights, even breakthroughs, can 
remain buried unless you can unlock your data. 

The key is PV-WAVE™ and The Visual Data 
Analysis Software from Precision Visuals. 

PV-WAVE combines graphics with image 
processing, surface rendering, and anima¬ 
tion, allowing you to visually analyze and 
interpret your data. 



With PV-WAVE, you can actually see 
your data, navigate through it, and display 
meaningful results. And, depending on 
your application, choose from point and click 
or command language versions for your 
Sun, DEC, HP, IBM, and SGI workstations 
and multi-user systems running UNIX, 
ULTRIX, and VMS. 

If you’re a scientist, engineer, researcher, 
or analyst who needs to turn raw data into 
well done results, call us today and ask about 
our no-risk, 60 -day money-back guarantee! 


Call Chris Logan today for your free video demo or evaluation copy of PV-WAVE. 

1 * 800 * 447«7147 



PV-WAVE 

The Visual Data Analysis Software 


Precision Visuals, Inc. 6230 Lookout Road Boulder, Colorado 80301 USA (303)530-9000 

© 1991 Precision Visuals, Inc. 

PV-WAVE is a trademvk of Precision Visuals, Inc. 

Circle No. 20 












High Perfomance Data Acquisition and 
Controi Systems from OMEGfit 


Remote Intelligent Measurement 
and Control System 

Monitor 8 Differential or 16 Single- 
Ended Analog Inputs. Expandable up 
to 48 Analog Inputs, 10 Analog 
Outputs and 64 Digital I/O. 

Model OM-1050 

$995 

For complete intormatio n inclu ding a 
complete list of options< Iilrcl6 >No. 34 
or dial OMEGAFax 


Voice Synthesized Environmental 
Monitoring Datalogging Systems 

Contacts you at up to Three Locations 
if Unsafe Conditions Occur. 

Model OMA-P4300 

$1127 

For more information, <^ir^ No. 32 
or dial O/tffGAFaxnumber 1050 


Easy to Program 
Dataloggers 

Automatically Measures, 
Monitors and Records 
Temperatures and Voltages. 
Bench Top Units 

OM-5100 Series 

From $2310 

Wall Mount Units 

OM-5200 Series 


From 


$2415 


Low Cost 
Compact Recorders 

Event, dc Input and 
Thermocouple Input Models. 

RD288 Series 


From 


$288 


For more intormation, 
<inrci9) No. 35 
or dial OMfGAFax number 1055 


Microprocessor-Based 
Circular Chart Recorder 

14 Programmable Chart 
Speeds. Compact 6 Inch Chart. 
Accepts Thermocouple, RTD, 
V, mV or mA Signal. 

CT1700 Series 

From $650 

re information, < pi7Glj ) No. 36 
or dial OMFG/IFax number 1054 



FREE 

Handbooks! 
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OMEGA’S 24 Hour- 
a-Day On-Demand 
Publishing System 
Call 1-800-848-4271 

from any Touch-Tone 
phone, and just enter the 
OMEGAFax numbers for 
the products you’re 
interested in. A product 
specification sheet 
will be faxed to you 
automatically! 


©COPYRIGHT 1991, 
OMEGA ENGINEERING, INC. 
ALL RIGHTS RESERVED. 
















































62; The Fastest Why To Get On-Line. 



ALGORITHM MODE 


© { MANUAL I 
O AUTOMATIC 


JET LEGEND * 

I jet is available 
jet is unavailable “ pitch 
I entire group of jets is unavailable 


DIRE CTION CONFIGURATION 
+x ATT HOLD 

DRIFT 

ATT HOLD OR FREE DRIFT 
ATT HOLD OR FRB: DRIFT 
ATT HOLD OR FF 
ATT HOLD C« FREE DRIFT 
NOSE TAIL VAW, ATT HOLD 



,j GMt{ 1^ :g :[^:0 MEt[? 
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The above screen shot is a jet-control knowledge base developed by NASA to 
monitor the space shuttle’s 38 primary reaction jets through telemetry downlink. 


Gensym’s G2 Real Time Expert System integrates mul¬ 
tiple technologies, so you can develop and deploy your 
applications fester, hy an order of magnitude or more: 

• For representing your application, G2 employs 
advanced object-oriented modeling and graphics. 

• Structured natural language allows you to easily 
represent objects, rules, models, and procedures in 
readable form. 

• The built-in dynamic simulator allows for rapid 
prototyping and testing of an application. It can also 
be used for training and demonstration purposes. 

• With G2, multi-user and distributed applications 


can run over standard networks for cooperative 
development or for on-line operation. 

• The end-user can interact with the application through 
colorful animated graphics, charts, tables and other 
powerful display facilities. 

• Real-time reasoning employs priorities, schedules 
tasks over time, and focuses attention to provide 
decision support for real-time applications. 

• Efficient data interfeces allow high-speed and robust 
access to information residing on external data bases 
and systems. 

G2. The fastest way to get on-line. 



Gensym Corporation 


125 CambridgePark Drive, Cambridge, MA 02140 
Teiephone: (617) 547-2500 Fax: (617) 547-1962 


Circle No. 12 

























sPectritm 


Newslog 


OCT 1 . The state-owned Swed¬ 
ish Telecom and PTT Tele¬ 
com Netherlands have formed 
a joint venture, Unicom, to pro¬ 
vide pan-European services to 
business customers. Unicom 
plans next year to have a net¬ 
work in 10 European countries 
with links to Japan and the Unit¬ 
ed States. 

OCT 10. McCaw Cellular 
Communications Inc., Kirk¬ 
land, Wash., said it will knit to¬ 
gether its US. properties in the 
northeast, south, west, and 
northwest—covering a popula¬ 
tion of 60 million—in the North 
American Cellular Net¬ 
work, which it hopes will be¬ 
come the country’s first nation¬ 
al cellular telephone system. 
Analysts said the move infringes 
the monopoly on local service of 
the regional Bell operating com¬ 
panies and other operators. 

OCT 22. The 12-nation Europe¬ 
an Community (EC) and the 
seven-member European Free 
Trade Association said they 
had agreed to form a new 
barrier-free common market of 
380 million people in Western 
Europe. The world’s largest 
trading bloc, to be called the Eu¬ 
ropean Economic Area, will 
go into effect on Jan. 1, 1993. 

OCT 24. Michael Gratzel, a 
Swiss scientist, and his US. col¬ 
league Brian O’Regan, work¬ 
ing at the Swiss Federal Institute 
of Technology in Lausanne, said 
they had developed a new kind 
of photovoltaic cell that converts 
diffused sunlight into electric 
current at an efficiency of 12 per¬ 
cent. The Gratzel-O’Regan 
cell thus rivals the performance 
of the best amorphous silicon 
cells, but would cost much less 
to manufacture. 

OCT 24. The Federal Commu¬ 
nications Commission, 
Washington, D.C., proposed that 
local telephone companies be al¬ 
lowed to package and transmit 
television programming by in¬ 
stalling a new video technology 


called video dial tone. Con¬ 
sumers would view cable pro¬ 
grams on TV sets linked to their 
phone lines, and would be 
charged accordingly. The pro¬ 
posal could become effective 
within a year. 

OCT 25. AEG AG, part of the 
Daimler-Benz AG group of Ger¬ 
many, said it has agreed to sell 
AEG Kabel AG, its cable unit, 
to Alcatel Alsthom SA of 
France. The cable company em¬ 
ploys 5000 people and had sales 
last year of DM 1.7 billion (US 
$1 billion). The purchase will lift 
Alcatel Cable’s share in the Ger¬ 
man market from 10 to nearly 25 
percent. 

OCT 20. The Galileo spacecraft 
flew within 1600 km of the as¬ 
teroid Gaspra for the first en¬ 
counter between a spacecraft 
and an asteroid. Officials at the 
National Aeronautics and Space 
Administration said the space¬ 
craft photographed the asteroid— 
which has a diameter of no more 
than 13 km—and gathered re¬ 
motely sensed data on Gaspra’s 
chemical composition. 

OCT 20. Toshiba Corp. and C. 
Itoh & Co. of Japan said they 
would buy a US $1 billion, 12.5 
percent stake in a new joint ven¬ 
ture that will include the film and 
cable television operations of 
Time Warner Corp. The new 
US. subsidiary, to be called 
Time Warner Entertainment, 
will include movie studio Warn¬ 
er Brothers, pay-TV program¬ 
mer Home Box Office, and 
cable operator Time Warner 
Cable. 

OCT 31. The US. Supreme 
Court said the seven region¬ 
al Bell telephone compa¬ 
nies can immediately begin 
offering electronic information 
services. The court denied an 
appeal by a coalition of newspa¬ 
per, broadcasting, cable tele¬ 
vision, and other companies that 
had sought to delay an October 
ruling to that effect by a Feder¬ 
al appeals court. 


NOV 5. Toshiba Corp., Tokyo, 
said it had developed the tiniest 
yet electric motor, which is 
minuscule enough to travel in¬ 
side the human body. The com¬ 
pany said the motor packs bear¬ 
ings, magnet, coils, and the rest 
within an outside diameter of 2.5 
mm. Driving power for the 
motor is only 2-3 V. 

NOV 6 . Researchers at Japan’s 
NEC Corp. said they had dis¬ 
covered a crystalline form of car¬ 
bon in a tubular form of bucky- 
balls (spherical carbon mole¬ 
cules). The buckytubes—long 
cylindrical meshes of carbon 
atoms capped by domes resem¬ 
bling buckyballs cut in half—may 
be the strongest fibers ever 
made. Consisting of up to 10 
concentric layers of carbon 
atoms, which taper off in needle¬ 
like shapes, the tubes are 
formed at 2000 °C and are 2.2- 
30 nm in diameter. 

NOV i. North American 
Philips Corp., New York City, 
a US. unit of Philips NV, the 
Netherlands, said it had licensed 
23 US. patents of California in¬ 
ventor Gilbert P. Hyatt, in¬ 
cluding the one for a single-chip 
computer, which was granted 
last year after a 20-year wait. 
Philips said it would help license 
Hyatt’s patents worldwide. 

NOV 5. Scientists at North¬ 
western University, Evan¬ 
ston, Ill., said they had discov¬ 
ered a way to more easily 
crystallize thin films of diamond. 
Using buckyballs as molecular 
seeds for growing diamond 
films, the technique allows en¬ 
gineers to dispense with the 
diamond-grit treatment, coat 
curved surfaces with ease, and 
more cheaply cover large sur¬ 
faces with diamond. 

NOV 7. International Chetek 
Corp., Moscow, said it is sell¬ 
ing underground nuclear explo¬ 
sions for commercial and peace¬ 
ful applications—the first time 
nuclear blasts are known to have 
been put up for sale. The com¬ 


pany’s initial goal is to inciner¬ 
ate toxic wastes in the USSR, 
but the blasts are also being sold 
worldwide. 

NOV 7. IBM Corp. announced a 
10-year agreement with Intel 
Corp., Santa Clara, Calif., to 
design central processing units 
for coming generations of per¬ 
sonal computers. The new chips 
will be made by IBM at its own 
plants for use in its PCs, and by 
Intel for sale to other computer 
makers. The jointly developed 
devices will be based on Intel’s 
latest microprocessors, includ¬ 
ing its 486 version. 

NOV 7. Scientists at AT&T’s Bell 
Laboratories announced that 
they had produced the world’s 
smallest lasers by alternating 
one or more layers of indium gal¬ 
lium arsenide with layers of in¬ 
dium gallium arsenide phos¬ 
phide. With the thin layers that 
constitute the laser head being 
only 400 atoms thick, the 
researchers etched away some 
material to leave tiny thumb- 
tack-shaped structures that can 
emit laser light in several 
directions. 

NOV I. Researchers at the Joint 
European Torus, a fusion 
reactor in Oxfordshire, England, 
said they had produced a signifi¬ 
cant amount of power from 
controlled nuclear fusion after 
adding tritium to the fuel mix in 
their fusion reactor. The 
achievement puts a European 
team from 14 countries ahead of 
Soviet, Japanese, and US. rivals 
in developing fusion as a new 
source of energy. 

Preview: 

DEC 8-11. The International 
Electron Devices Meeting in 
Washington, D.C., is to highlight 
manufacturability and profitabil¬ 
ity concerns in addition to its 
usual focus on research. For in¬ 
formation, call the meeting’s 
sponsor, the IEEE Electron 
Devices Society: 202-347-5900. 


COORDINATOR: Sally Cahur 


IEEE SPECTRUM DECEMBER 













DECEMBER 1991 Volume 28 Number 12 


SPECTRUM 



INNOVATIVE 



The nature of technical creativity is 
illuminated by eight outstanding 
contemporary innovators in electronics, 
and analyzed by an eminent psychologist. 


The men speak of their backgrounds, 
achievements, work habits, interests, and 
feelings about creativity and innovation. 

Each has been undaunted by failure; 
indeed, they learn from adversity and 
build on it to reach their goals. Their 
motivations are largely altruistic and 
strikingly similar: they speak variously of 
improving human living conditions and 


APPLICATIONS/SOFTWARE 


conveying to others the fun they find in 
science and mathematics. 

Their stories shed light on the nature 
of innovation and provide insights into 
how to nurture and guide it. They offer 
encouragement to seasoned engineers 
beset by the specter of technological 
obsolescence and inspiration to 
engineers just starting their careers. 


2 3 The innovative mind 
at work 

By MICHAEL MACCOBY 
The innovators in this special report have 
much in common. They regard work as 
play. They choose big problems with 
large implications-for example, 
communicating by satellite or 
revolutionizing power transmission. They 
are used to resistance to their ideas but 
are independent and courageous enough 
to forge ahead on their own. 

Profiles prepared by Spectrum editors 
describe the makeup of eight innovators 
in our industry, beginning on p, 24. 

Jacob Rabinow, Carver A. Mead, Masaru 
Ibuka, John R. Pierce, James F. Blinn, 
Jun-ichi Nishizawa, Charles H. Townes, 
and John Cocke have each made many 
important contributions over long 
careers, often in diverse technologies. 


36 IEEE’s Posix: making progress 

By D. RICHARD KUHN 



Researchers with the National Institute of Standards and Technology, Gaithersburg, Md., here 
review an application of open system software. Standards for such open systems are being 
developed within the IEEE portable operating system interface-Posix, for short. 
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THE INSTITUTE 


40 Awards /91 

One woman, several men, and an 
industrial company were selected for the 
IEEE’s latest awards for service, prize 
papers, engineering leadership, and 
corporate innovation. The bronze 
Corporate Innovation Recognition medal 
(below) was awarded to Apple Computer 
Inc. of Cupertino, Calif., “for creation 
and establishment of the broadly 
successful personal computer.” 



21 Nurturing the 
open mind 

By DONALD CHRISTIANSEN 
The notion that an innovative idea may 
strike like lightning is rejected by most 
inventors in our field of engineering. But 
interviews with engineers reveal that 
innovative genius requires two 
characteristics: an open mind and 
persistence in the face of 
discouragement. Also add high 
confidence and, usually, high emotional 
stability. The innovator does not fear 
failure or hesitate to try something a 
more conservative engineer may not. 
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Imwations 



Writing on the wall 

Imagine projecting a richly colored PC dis¬ 
play onto a screen and then, by aiming a laser 
pointer at the screen, being able to change 
menus, drag icons, and demonstrate com¬ 
puter graphics, all from the back of the room. 
The projection system designed by Proxi- 
ma Corp. of San Diego, Calif., does just that 
for its user. 

Its two basic elements are a liquid-crystal- 
display (LCD) projection panel and a control 
system called Cyclops. The portable 
panel, which is the size of a slim 
briefcase, reproduces the PC dis¬ 
play for projection by any standard 
overhead projector. The active- 
matrix full-color LCD display panel 
works with any Apple or IBM- 
compatible PC that uses a 
mouse. Cyclops in¬ 
cludes a light-emit- 
ting-diode (LED) 
wand or laser pointer and an 
area charge-coupled-device (CCD) 
image sensor. 

The panel’s active-matrix technology en¬ 
hances contrast and speed. Its contrast ratio 
of 100:1 is well above both the 4:1 ratio found 
in a passive-matrix LCD panel and the human 
eye’s 60:1 contrast ratio perception. The pic¬ 
ture elements, or pixels, can be turned on 
and off in about 50 ms, allowing panels to 
be used for video projection. A separate 
board for logic conversion is included in the 
panel. Because the active-matrix panel has 
a field-effect transistor and storage capaci¬ 
tor at each pbcel, cross talk, or streaking, is 
eliminated. Also, since each pixel has its own 
driver, there is no interference. 

According to Lane Hauck, senior staff en¬ 
gineer, the degradation of contrast by high 
temperatures is avoided by a built-in fan that 
draws air over the panel. An infrared shield 
deflects heat from the overhead projector 
bulb. 

Cyclops’ CCD sensor is attached to the 
rear edge of the panel [see figure]. Both the 
wand and pointer project a bright spot of light 
onto the screen. The sensor eye views the 
screen, detects the LED or laser spot, trans¬ 
lates its location into x and y coordinates, 
then transmits this information through the 
serial port to the PC (or through the Apple 
Bus to the Macintosh). A device driver reads 
the port and converts the coordinates into 
display screen coordinates. It updates the 
coordinates as a mouse would, and, in es¬ 
sence, replaces the mouse driver. 

All panels come with an infrared remote 
control that can be used to move sequentially 
through menus and screens and to control 


Single-atom control 

With the flip of a switch, a single xenon atom 
changes position and alters the resistance 
and tunneling current measured between 
two electrodes. The discovery of this single¬ 
atom switch, made by scientists Donald M. 
Eigler, Christopher P. Lutz, and William E. 
Rudge at IBM Research Division’s Almaden 
Research Center in San Jose, Calif., may lay 
the foundation for constructing electronic 
circuits with atomic-scale dimensions. 
Atomic-scale logic and memory would be a 
million or more times smaller than today’s 
micrometer-scale circuits. Information of 


greater complexity would be stored and 
retrieved more quickly and less expensively. 

Of the switch’s two electrodes, one was 
the scanning tunneling microscope (STM) 
tip. Composed of polycrystalline tungsten 
wire, the STM uses a fine stylus to trace out 
and image surface details with atomic reso¬ 
lution. The other was a single-crystal nick¬ 
el surface located only a few atomic di¬ 
ameters away. When a voltage pulse was 
applied across the leads, the xenon atom 
moved from the microscope tip to the nick¬ 
el surface, changing the conductance across 
the leads. By reversing the polarity of the 
voltage pulse, the xenon atom returned to 
the microscope tip, and the conductance 
went back to its previous level. 

Since it operates in an ultrahigh vacuum 
at temperatures around 4 K, the single-atom 
switch is not yet practicable. Moreover, 
compact devices would require that the 
switches be packed tightly together and con¬ 
nected by highly miniaturized leads. 

Eigler said he and his fellow scientists 
want next to better understand the switch’s 
mechanism. They also expect that other 
molecules having all the features of self- 
contained atomic-scale switches will even¬ 
tually be discovered. 


COORDINATOR: Dana Norvila 
CONSULTANT: Ralph H. Baer 


sensor 

panel functions. An infrared receiver with 
single-chip processing is located on the front 
of the panel. 

The Proxima projection system, including 
color panel and Cyclops, ranges from US 
$5990 to $10 086. Cabling, infrared remote 
control, and utility software are included 
with the panel, the most expensive version 
of which has video and audio hookup capa¬ 
bilities. Monochrome panels costing from 
$999 to $2199 are also available. A switch 
on all panels makes rear projection possible. 
The optional laser pointer costs $396. Con¬ 
tact: Proxima Corporation Inc ., 6610 Nancy 
Ridge Dr., San Diego, Calif. 92121-3294; 
619-457-5500; fax, 619-457-9647. 
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SigmaPlat 

Turning great research into great graphs... 


65 Koch Road • Corte Madera, CA 94925 
Phone: 800-874-1888 (toll-free in U.S.) • 415-924-8640 
FAX: 415-924-2850 


In Europe: Jandel Scientific 
SchimmelbuschstraE 25 • 4006 Erkrath, Germany 
Phone: 02104/36098 • FAX: 02104/33110 


The graphs above were printed with the permission of; 1.) Impact of Cancer on Texas. 5th edition, p. 20, © 1991 University of Texas, M.D. Anderson Cancer Center; 2.) Physiology & Behavior, Vol. 49, pp. 
563-567, © 1991 Pergamon Press pic.; 3.) Ear and Hearing, Vol. 9, pp. 322-328, © 1988 Williams and Wilkins. Their use does not imply endorsement by our customers’ employers or publishers. 

Circle No. 10 for PC version. Circle No. 11 for Mac version. 


World called SigmaPlot “the best graphics 
package for the complex technical graphs 
wanted by scientis ts and engineers”. PC 
Magazine said we’ve “hit the bullseye with 
SigmaPlot!” Little wonder. The choice of over 

25,000 scientists worldwide, __ 

SigmaPlot offers everything 
necessary to create outstanding 
quality scientific graphs for 
journal publication, poster 
session, lectures and more... 

And now everyone can benefit, 
because SigmaPlot is available 
on both PC and MAC, offering: 

• flexible data input 

• huge built-in data worksheet 

• error bars, confidence 
intervals, quality control lines 


outstanding page layout Sc 
point and click editing, multiple gi 
per page, inset graphs and m 
high-quality output to plotters, p 
(dot-matrix, PostScript*, HP Lase3eP| etc.) 
and slide-makers 

• export to WordPerfect*, Microsoft 
Word*, Ventura Publisher®, 
PageMaker® and others 

• free, unlimited technical support 

• satisfaction guaranteed 
(or your money back) 

See for yourself why SigmaPlot is 
the #1 plotting program for 
scientists and engineers! 

Call today for a free brochure: 
800-874-1888 (toll-free in the U.S.) 
or 415-924-8640. 




































































Calendar 


Meetings, Conferences and Conventions 


DECEMBER 


Workshop on Speech Recog¬ 
nition (SP); Dec. 15-18; Arden 
House, Harriman, N.Y.; Jay G. 
Wilpon, AT&T Bell Laboratories, 
600 Mountain Ave., 2D-526, 
Murray Hill, N.J. 07974; 908- 
582-3559. 

International Commsphere 
91 Symposium (C, AP); Dec. 
16-19; Dan Accadia Hotel, Her- 
zliya, Israel; Ortra Ltd., Box 
50432, Tel Aviv 61500, Israel; 
(972 +3) 664 825; fax, (972 +3) 
660 952. 

International Conference 
on Emerging Optoelectron¬ 
ic Technologies (ED); Dec. 
16-20; Indian Institute of 
Science, Bangalore, India; 


Krishna Shenai, KW-A1715, 
General Electric CRD, River 
Road, Schenectady, N.Y. 12301; 
518-387-5911; fax, 518-387- 
5058. 


JANUARY 1992 


Workshop on Parallel and 
Distributed Computing (C); 
Jan. 20-22; Hyatt Regency 
Hotel, Newport Beach, Calif.; 
IEEE Computer Society, Con¬ 
ference Department, 1730 Mas¬ 
sachusetts Ave., N.W., Washing¬ 
ton, D.C. 20036-1903; 202-371- 
1013; fax, 202-728-0884. 

Annual Reliability and 
Maintainability Symposium 
(R); Jan. 22-24; Riviera Hotel, 
Las Vegas, Nev.; R.E. Sackett, 
Hernandez Engineering Inc., 


Commerce Center II, Suite 305; 
7601 Ora Glen Dr., Greenbelt, 
Md. 20770; 301-441-3204. 

International Conference 
on Wafer Scale Integration 
(C, CHMT); Jan. 22-24; Fair¬ 
mont Hotel, San Francisco; 
Peter W. Wyatt, MIT Lincoln 
Laboratory, Box 73, Lexington, 
Mass. 02173-0073; 617-981-7232 
or 617-862-9057. 

Power Engineering Society 
Winter Meeting (PE); Jan. 
26-30; New York Hilton at 
Rockefeller Center, New York 
City; J.G. Derse, 704 Timber- 
brooke Dr., Bedminster, N.J. 
07921; 908-658-4042. 

Eighth Optical Fiber Sen¬ 
sors Conference (OFS’8); 
(LEO); Jan. 29-31; Monterey 


Marriott Hotel, Monterey, 
Calif.; lEEE/LEOS, 445 Hoes 
Lane, Box 1331, Rscataway, NJ. 
08855-1331; 908-562-3893. 


IEEE members attend more than 
5000 IEEE professional meetings, 
conferences, and conventions heid 
throughout the world each year. 

For more information on any meet¬ 
ing in this guide, write or call the 
listed meeting contact. Information 
is also available from: Conference 
Services Department, IEEE Service 
Center, 445 Hoes Lane, Box 1331, 
Piscataway, N.J. 08855; 908-562- 
3878; submit conferences for list¬ 
ing to; Ramona Foster, IEEE Spec¬ 
trum, 345 E. 47th St., New York, 
N.Y. 10017; 212-705-7305. 

For additional information on 
hotels, conference centers, and 
travel services, see the Reader 
Service Card. 


L U ave hours over your current curve fitting 
methods with the new TahieCurve v3.0! 

I| I TableCurve will fit and rank 3320 linear 
and non-linear equations to your dataset 
in one highly automated processing step! Step 
through ranked equations, view residuals, statis¬ 
tics and graphs - and output data and graphs eas¬ 
ily in a variety of formats! Features include; 

A 3,320 Linear and Non-linear equations 
Includes polynomial, 
rational, peak (Gaus¬ 
sian, Lorentzian, etc), 
transition, waveform 
and many others. 

Select only the equa¬ 
tion groupings of 
interest or let Table 
Curve fit all equations 


A User defined 
equations Define your 
own equations - 
TableCurve fits and ranks them along with the 
extensive list of built-in equations. 

A Extensive fitting and ranking choices Choose 
curve fitting algorithm (Singular Value Decomp., 
Gauss-Jordan, LU Decomposition), best fit rank¬ 
ing criteria (DOF adj. f, Fit Std Error, F-statistic 
and Std P), smoothing functions (polynomial 
interpolation, FFT and Lowess) and more! 

A High speed processing Automatically fit and 
rank all 3,304 linear equations to a 50 point 
dataset in 46 seconds (using 80386SX, 16MHz 
with math coprocessor). Iteratively fit non-linear 
equations are also processed in amazing speed! 

A Unique graphical review process Graphically 


i^TableCunre 

Automated Curve Fitting Software 

One Step Fits 3,320 Linear and 
Non-iinear Equations to 
Your Data-Automaticaily! 

to SigmaPlot,® Lotus and more! 

A Export programming code for any selected 
equation Automatic code generation for pro¬ 
gramming in C, Pascal, FORTRAN, and several 
BASIC languages. 

A Outstanding ease of use With a superb user 
interface, full mouse support and extensive on¬ 
line help, TableCurve brings powerful linear and 
non-linear curve fitting to your PC in an easy-to- 
use, intuitive format. 

TableCurve is reasonably priced, backed by a full 
money-back guarantee and one of the strongest 
technical support staffs in the industry. Call 
Jandel today for more information on TableCurve 
and other scientific software; 1-800-874-1888 
(inside U.S.) or 1-415-924-8640. 



view the fit of each equation to your data by 
pressing a key. Also obtain a full numerical 
review of confidence/ prediction limits, residuals 
and other statistics. 

A Flexible data input/output Import a huge 
dataset from ASCII, Quattro Pro,® Lotus? dBase? 
and other formats. Customize selected graphs 
and output to a variety of devices including 
LaserJet,® Postscript”" printers, or export directly 


Our European office is: 
Schimmelbuschstrafie 25 
D4006Erkrath2*FRG 
02104^6098 
02104/36099 


65 KOCH ROAD, CORTE MADERA, CA 94925 • PH 415-924-8640 • FAX 415-924-2850 • CALL FOR FREE RROCHURE: 800-874-1888 
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to look up computer tales about Marvin 
Minsky or Brian W. Kemighan’s account of 
the naming of Unix, for example. Also, the 
inclusion of cartoons and computer jokes 
helps keep the reading light. 

Though the book is entertaining and 
makes for a good evening’s reading, it has 
a fundamental problem: the author neither 
understands nor likes computers or their 
programmers. She vents most of her nasti¬ 
ness on crackers (malevolent hackers), but 
she says such things as “Guess you had to 
be there to appreciate it, ” ‘ ‘Nerds can still 
sometimes be seen lurking in the alleyways 
of San Jose, especially during a full moon, ’ ’ 
‘ ‘How do hard-core hackers reproduce, any¬ 
way? Viruses?,” and “The computer’s so¬ 
cial infiltration is like that [devouring] fun¬ 
gus, spreading everywhere.” These and 
many other statements reveal a basic fear 
of, or at least antipathy toward, computing. 

Probably the worst chapter is the first one, 
which covers the history of computing. Most 
of its tales are way too familiar to merit more 
than a footnote. 

The book also misses many modem sto- 



Circle No. 4 for Optoelectronics. 


11 






























Calei 

Meetings, Conferenc 


DECEMBER 


Workshop on Speech Recog¬ 
nition (SP); Dec. 15-18; Arden 
House, Harriman, N.Y.; Jay G. 
Wilpon, AT&T Bell Laboratories, 
600 Mountain Ave., 2D-526, 
Murray Hill, N.J. 07974; 908- 
582-3559. 

International Commsphere 
91 Symposium (C, AP); Dec. 
16-19; Dan Accadia Hotel, Her- 
zliya, Israel; Ortra Ltd., Box 
50432, Tel Aviv 61500, Israel; 
(972-f3) 664 825; fax, (972 +3) 
660 952. 

International Conference 
on Emerging Optoelectron¬ 
ic Technologies (ED); Dec. 
16-20; Indian Institute of 
Science, Bangalore, India; 


Krishna Shenai, KW-A1715, 
General Electric CRD, River 
Road, Schenectady, N.Y. 12301; 
518-387-5911; fax, 518-387- 
5058. 


JANUARY 1992 


Workshop on Parallel and 
Distributed Computing (C); 
Jan. 20-22; Hyatt Regency 
Hotel, Newport Beach, Calif.; 
IEEE Computer Society, Con¬ 
ference Department, 1730 Mas¬ 
sachusetts Ave., N.W., Washing¬ 
ton, D.C. 20036-1903; 202-371- 
1013; fax, 202-728-0884. 

Annual Reliability and 
Maintainability Symposium 
(R); Jan. 22-24; Riviera Hotel, 
Las Vegas, Nev.; R.E. Sackett, 
Hernandez Engineering Inc., 
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The fungus that ate data 

Larry Kaplan 



How did a New York bank teller use a com¬ 
puter to embezzle US $1.5 million? What 
type of sabotage did a former Encyclopae¬ 
dia Britannica employee commit? Where 
did the word FUBAR come from? 

The answers to those questions, and 
hundreds of other computer tales, can be 
found in this book, a collection of folklore, 
stories, anecdotes, and jokes. It includes 
most of the well-known stories on such sub¬ 
jects as Star Trek, hackers, viruses, and 


“compuspeak.” Other tales describe how 
computers are used for stealing money, al¬ 
tering credit histories, and being involved in, 
and for, practical jokes. There are also anec¬ 
dotes about the famous (like Charles Bab¬ 
bage, John Von Neumann, and Alan M. Tur¬ 
ing, who used to count the revolutions of his 
bicycle wheel to know when to fix a loose 
chain) and the infamous (“Captain Crunch’ ’ 
and John C. Dvorak come to mind). 

The movies 2001: A Space Odyssey and 
Aliens are compared by the author for their 
views of computer evil. In other stories com¬ 
puters break down in myriad ways because 
of misuse, faulty handling, and “bugs.” One 
tale describes the famous bug that vexed 
computer pioneer Grace Hopper Oennings 
traces the use of the word bug to mean 
“technical problem” to Thomas Edison). 
She also reveals that another familiar word, 
nerd, was invented by none other than the 
children’s storyteller, the late Dr. Seuss. 

The chapters are well arranged into 
meaningful divisions—hackers, viruses, 
money, the bedroom, and cybernetic gods, 
among them. A good index enables readers 


to look up computer tales about Marvin 
Minsky or Brian W. Kemighan’s account of 
the naming of Unix, for example. Also, the 
inclusion of cartoons and computer jokes 
helps keep the reading light. 

'Though the book is entertaining and 
makes for a good evening’s reading, it has 
a fundamental problem: the author neither 
understands nor likes computers or their 
programmers. She vents most of her nasti¬ 
ness on crackers (malevolent hackers), but 
she says such things as “Guess you had to 
be there to appreciate it, ” ‘ ‘Nerds can still 
sometimes be seen lurking in the alleyways 
of San Jose, especially during a full moon,” 
“How do hard-core hackers reproduce, any¬ 
way? Viruses?,” and “The computer’s so¬ 
cial infiltration is like that [devouring] fun¬ 
gus, spreading everywhere.” These and 
many other statements reveal a basic fear 
of, or at least antipathy toward, computing. 

Probably the worst chapter is the firet one, 
which covers the history of computing. Most 
of its tales are way too familiar to merit more 
than a footnote. 

The book also misses many modem sto- 


International Journals 



THEORY AND ADVANCED TECHNOLOGY 

is a quarterly journal dealing with cxintrol sys¬ 
tem and information sciences and related areas. 
It publishes original scientific and technical 
Papers, Short Papers, Correspondence or Tech¬ 
nical Notes which have originality, novelty, re¬ 
levance of presentation and timeliness. 


OPTOELECTRONICS 

Devices and Technologies 

is a bi-annual journal dealing with the interaction 
of photons and electrons, and related devices and 
technologies. It publishes original papers and re¬ 
view articles on all areas of optoelectronics; basic 
phenomena, materials processing, optoelectron¬ 
ic devices, optoelectronic systems, and so on. 
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Editors 

Yoshifumi Sunahara D.P. Atherton 

Professor Emeritus Professor 

Kyoto Institute of Technology The University of Sussex 

Japan England 

• Subscription rate for one year (four issues) 
US$130.00 (surface mail postage included) 
US$160.00 (airmail postage included) 
¥30,900 (postage included) 




Editors 

Makoto Kikuchi Yoshihiro Hamakawa 

Executive Technical Adviser Professor 
SONY Corporation Osaka University 

Japan Japan 


> 


Subscription rate for one year (two issues) 
US$65.00 (surface mail postage included) 
US$75.00 (airmail postage included) 
¥10,300 (postage included) 


Ochanomizu Center Bldg., 2-12, Hongo 3-chome, Bunkyo-ku, Tokyo 113, Japan 


MITA PRESS 
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Tel: 03(3818)1011 
Telex: MITAPS 2722813 
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ries, even though one of its sources is the 
Jargon File, a listing of various hacker terms 
and stories originating and maintained on an 
electronic network (the file was once edit¬ 
ed by Guy Steele into a book called The 
Hacker’s Dictionary, recently revived by 
Eric S. Raymond and MIT Press in Cam¬ 
bridge, Mass, [see IEEE Spectrum, Novem¬ 
ber 1991, p. 18]). Constantly revised by read¬ 
ers who send in their additions or 
corrections through electronic mail and net¬ 
work posting, the file—page for page— 
contains more information and humor than 
most of The Devouring Fungus and is much 
more current. 

Much is missing from the book. For one, 
there is no bibliography (although the in¬ 
troduction promises a “source guide”). Jen¬ 
nings quotes Steven Levy, Clifford Stoll, and 
Jan Harold Brunvald but does not bother to 
name their books—Hackers, The Cuckoo’s 
Egg, and Vanishing Hitchhiker. She obvious¬ 
ly used some printed material from other 
sources, but does not cite them either. Also, 
although an entire chapter is spent on 
viruses, the author seems oblivious to the 
many parallels between human and com¬ 
puter viruses. (Programs to detect viruses 


are called disinfectants or doctors; preven¬ 
tative programs are called condoms— 
sharing internal data is the only way to 
spread “disease.”) 

Factually, each tale is either true or false, 
and Jennings manages to trace some histo¬ 
ries and verify a few stories. But most are 
left untouched—just retold with no concern 
for veracity, which is apparently left as a 
reader exercise. The author dismisses the 
many sexist, stereotypical stories of secre¬ 
taries who accidently damage their com¬ 
puters or files as implausible and absurd. Yet 
she accepts as absolute truth the story of a 
program that had such a low priority that it 
was never run in its sbc-year life-span. 

After reading the book, I thought of what 
it could have been. I wished it were written 
by Brunvald, who would have researched 
every myth and traced its history and valid¬ 
ity. Had Levy written it, his knack for cap¬ 
turing people and personalities would have 
made the stories come alive. 

It would also have been fascinating to 
know what Donald Knuth or Nicholas Wirth 
think about the myths surrounding them and 
their craft. It would be a delight to know 
whether the devouring fungus story—about 
an actual biological fungus that obliterated 
data on magnetic tape and for which the book 
is titled—really happened. 


Nowhere in the book is the wonder that 
computer people feel, the beauty that they 
have unleashed, or the glimpses into the fu¬ 
ture that they have helped create. With only 
a little more effort, both the had and good 
sides of computers and their disciples could 
have been revealed. 

Once upon a time, Larry Kaplan designed 
video games for a living. Nowadays, he has 
fun programming computers for audio and 
video applications at Silicon Graphics Inc. in 
Mountain View, Calif. He lives in Silicon Val¬ 
ley with his wife. Sue, his three sons, Benjy, 
David, and Jonathan, and his Mac, Amiga, 
and MIDI keyboards. 


COORDINATOR: Glenn Zorpette 


Recent books 


Cable Nets and Tensegric Shells: analysis and 
design applications. Vilnay, Oren, Prentice- 
HaU, Englewood Cliffs, N.J., 1991,130 pp., 
$65.95. 

Itends in Theoretical Physics, Vol. 2. Eds. 
Ellis, Paul /., and Tang, Y.C., Addison-Wes- 
ley. Redwood City, Calif., 1991, 416 pp., 
$48.50. 


Analog Circuit Simulation 

SPICE Software for Personal Computers 



CALL FOR PAPERS 
Boston ‘92 

International Digital Signal Processing 
Applications and Technology 

Conference / DSFWorld expo 

9\(pvcmBcr2-5,1992 - iHyatt TRggcncy, Cambridge, MIA 

Applications Areas: 

Communications, Speech Processing, Image Processing, 
Industrial Control, Automotive, VLSI and Signal Processing, 
Architectures, Geophysical, Underwater, Radar , DSP Software, 
Instrumentation, Consumer Electronics and other Applications 

Technology: 

Analog, Devices, AT&T, Fujitsu, Irunos, LSI Logic, Motorola, 
NEC, OKI, Plessey, SGS-Thomson, Texas Instruments, Zoran 
and other DSP Technology 
Send / Fax now a 400 word abstract for review to: 

DSP ASSOCIATES 

18 Peregrine Road. Newton, MA 02159, U.S.A. 

TEL: (617)964-3817 FAX: (617)969-6689 

(The deadline for receiving abstracts is April 30,1992) 
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Mathcad 3.0 gives you 
the only kind of power you need. 

Usable power. 


Try new Mathcad 3.0 
for yourself with a 
free demo disk. 

Mathcad gives you a com¬ 
plete set of tools to solve vir¬ 
tually any math or technical 
problem. It handles everyday 
functions like sums, products, 
tables, and scatter plots. It 
takes care of tougher prob¬ 
lems like simplifying formu¬ 
las and solving for variables. 
It combines real math nota¬ 
tion. text and graphics right 
on your PC 
Windows, 


live document interface™ to mulas, constants, or calcula- 
make what’s on your screen tions—Mathcad already has 

reflect what’s in your head. _ the answer. Just click 


Select “PRINT,” and 
Mathcad delivers hard 
copy that looks exactly 
the way you want it to 
look for your reports. 

Power to handle the 
simple to the complex. 

The most commonly used 
math and technical functions 
are built right into Mathcad. 

FFTs, trigono¬ 
metric func- 


and paste it from the 
handbook into your 
document. 




tation-quality document. And 
the new PC version delivers 
all this in a Microsoft 
Windows environment, so 
you can be up and running in 
a matter of hours — working 
faster than before. 

It works the way you think. 

Type your calculations in the 
obvious way — like 2’'’cni/sec 
+ 3*mi/hr — and Mathcad 
shows them to you in typeset 
math. Hit “=” and the 



appears instantly. You can 
even pick the displayed units. 
Forget spreadsheets that hide 
cryptic formulas behind cells, 
and calculators with fifty but¬ 
tons that show you one num¬ 
ber and don’t know an inch 
from a microsecond. Mathcad 
uses real math notation and a 


derivatives, and matrix deter¬ 
minants. You get faster 
results with fewer errors than 
spreadsheets, FORTRAN or 
C programming. 

With a simple menu pick, 
select functions and operators 
to perform symbolic calcula¬ 
tions on your math. Mathcad 
makes it easy to simplify a 
messy formula, or turn it 
around to give you “x” 
instead of “y.” No new lan¬ 
guages to learn to do 
integrals, Taylor series, 
infinite sums, or partial 
fractions. The symbol¬ 
ic answer is ready for 
numerical calcula¬ 
tions or further sym¬ 
bolic transformation. 

Built-in Electronic 
Handbooks are as useful 
and practical as 
reference handbooks. 

If you need to know the resis¬ 
tance of 10 feet of 12-gauge 
copper wire, or the weight of 
a gallon of water—or any one 
of hundreds of standard for- 


When you’re 
West ot done, print it 

all out in a pre¬ 
sentation-quality docu¬ 
ment that contains your text, 
math, and graphics just as 
they appear on the screen. 
Whether it’s for a presenta¬ 
tion, a lecture, or just for your 
files, Mathcad documents 
your work in style. 

Applications packs tailor 
Mathcad to your job. 


math, statistics, numerical 
methods, and teaching and 
laboratory materials. 

From the leader in 
software-based technical 
calculation solutions. 

MathSoft offers a range of 
solutions to over 130,000 users 
that take care of virtually any 
math application and give 
faster results than are available 
with calculators, spreadsheets, 
or programming. The latest 
addition to our family of 
products is Maple — power¬ 
ful yet easy-to-use symbolic 
math software. It combines 
symbolic analysis and graph¬ 
ics in a single programmable 
format, and it runs on a wide 
range of systems, from micro¬ 
computers to supercomputers. 



mechanical, civil, and chemi¬ 
cal engineering, advanced 


Math Soft 


Tell me more about new Mathcad! 

Name 


Phone (_ 




To request a demo disk right now.cail 800-MATHCAD! (617-577-1017.) 

Or lax this coupon to 617-577-8829. Please specify platform: 

I i PC Windows : Macintosh 
i: PC DOS : Unix 

Please specify disk size: 131/2" i I 51/4" 

Mail this coupon to: MathSoft, Inc. 201 Broadway, Cambridge, MA 02139 USA 

IEEE 20 Power 


Australia: Heame (03) 866-1766; Belgium: SCIA 013/55 17 75; Denmark: Eng 
25 17 77; Finland: Zencx 90-692-7677; France: ISE (I) 46 09 24 00; Germany: 
(0 78 02) 4036; Italy: Channel 02-90091773; ’ .... 


. , :CRC 03-3665-97 . 
sing 01620-81600; Norway: Protech 09-959020; Switzerland: Redacom 032-41 
1:U.K.: Adept Scientific (0462) 480055. In 
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Two DSP 
Tools 

ONE 

POWERFUL 

DSP 

SOLUTION 


start with the blazing speed of our DSP32C-based 
ZPB34 DSP processor board, then add the versatility 
of our upgraded DSPlay XL™ code development 
software. The unique combination forms one of the 
most powerful integrated DSP platforms available 
on an IBM® PC or compatible. Simple, painless, 
and powerful. 

The ZPB34 features AT&T's 50MHz DSP32C floating 
point processor and is available in four standard 
memory configurations from 64KB to 576KB. It's ideal 
for applications requiring large FRs, execution of 
complex real-time algorithms, and image 
processing. High-speed buffered serial ports are 
included for interconnections of processing boards 
or connection to our ever-expanding line of 
high-performance analog I/O systems. 



i Add power to speed with our improved DSPlay XL 
j DSP code generation software. It features a menu- 
driven diagram approach to algorithm 
development and generates standard executable 
I code for both AT&T's DSP32 and DSP32C. New 
I version 3.19 includes over 100 DSP functions, an 
1 assembler for user-defined blocks, FIR and HR digital 
I filter design routines, and I/O control. 

Put the power of our DSP solutions to work for you. 
For information on our entire line, call 
1-800-548-6132, Fax (602) 741-3895, or write 
I Burr-Brown Corp., P.O. Box 11400, 

Tucson, AZ 85734. 


BURR-BROWN® 


Signal Processing Soiutions 
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EUROPEAN COMMUNITY 1992 

Produced by the IEEE Educational 
Activities Board this program is presented by Deborah Flaherty Kizer, 
Marketing Planning Manager with AT&T International. 

Anyone concerned with the future of their overseas trade cannot afford to ignore 
the progress that the European Community has made towards a unified market. In 
the most significant policy initiative since the formation of the Community, the 
twelve member states have committed themselves to the goal of creating a truly 
single market by the end of 1992. This unified market will contain some 320 million 
people. This video program will present and discuss what provided the impetus for 
the 1992 program, what the program entails and how it has progressed, and how 
United States businesses can prepare for 1992. 

Product No.: HV0163-6 Run Time: 120 min./l VHS tape 

This tutorial videotape available to IEEE Members only for $59.95, plus $5.00 han¬ 
dling. For shipments to NY, NJ, CA and DC add appropriate sales tax. Please call 
for handling and overseas shipping charges. PAL video standard available upon re¬ 
quest. 

For more information, call 1-800-678-IEEE or 1-908-981-0060 outside the US. or 

IEEE Educational Activities 
445 Hoes Lane, PO Box 1331 
Piscataway, NJ 08855-1331 



S peakout 

R&D engineers 
lack a voice 


am uneasy as I follow the bat¬ 
tle that has raged for the last 
few years in the United States 
between Big Science and Lit¬ 
tle Science. Constituencies 
of scientists and engineers, politicians, and 
government officials argue articulately on 
behalf of their own needs. Each cites iofty 
goals: preservation of national freedoms, 
global competitiveness, international pres¬ 
tige, and boosts in our quality of life, which, 
they assert, depend directly on the con¬ 
tinued investment of public funds in their 
brands of science. 

The good news is that both camps are 
probably right. The bad news is that in all 
this discussion, no one speaks for the R&D 
engineer—the person who can develop an 
idea uncovered in a laboratory to the point 
of proving its feasibility. A lot of good ideas 
that could contribute to U.S. competitive¬ 
ness are today stuck in the laboratory, ig¬ 
nored for lack of funds. 

Arguing for Little Science, National 
Academy of Sciences president Frank Press 
has called for setting tougher priorities for 
Big Science projects while increasing sup¬ 
port for Little Science to safeguard the coun¬ 
try’s scientific infrastructure. More recently, 
Leon Lederman, former director of Big 
Science’s Fermilab, brandished the results 
of a poll that indicated university scientists— 
the Little Science people—never felt more 
financially strapped. 

One Big Science star. Space Station Free¬ 
dom, almost lost its right-to-life this year 
when congressional debate heated up, fueled 
by more than a dozen technical societies, in¬ 
cluding the IEEE, which claimed little tech¬ 
nical justification for the US $32 billion sta¬ 
tion. The Superconducting Supercollider 
faces a similar challenge as its passed hat 
keeps coming back—all but empty from our 
international colleagues in the high-energy 
physics Big Leagues. Nevertheless, Free¬ 
dom and the collider are proceeding. 

In this budgetary shoot-out, no one ever 
considers the R&D engineer, whether in 
Government, on campus, or in a corpora¬ 
tion. No champion exists for his/her essen¬ 
tial contribution: exploratory development. 
These folks take our country’s most promis¬ 
ing basic research and determine whether 
it can be integrated, packaged, and manufac¬ 
tured economically. We are standing by and 
allowing aggressive foreign laboratories to 
pick up our ideas before U.S. markets can 
exploit them. 
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Speakout 

In a previous life as a theoretical physicist, 
I scoffed at the less lofty pursuits of my en¬ 
gineering colleagues as I handed them my 
calculations to hammer into applications. 
Today, as a manager of Federal R&D pro¬ 
grams in both basic research and early en¬ 
gineering development, I see the picture 
much differently. My files are bursting with 
scientific accomplishments crying for more 
funds to thrust them into the development 
stage. Some examples: 

In 1986 my office and the Office of Naval 
Research began a mini-materials revolution 
with a research thrust in artificial thin-film 
diamond. With only $3 million a year from 
the Strategic Defense Initiative Organization 
(SDIO) and some industry investment, the 
field has grown from a few groups research¬ 
ing this exceptional material with its many 
applications to a community that supports 
three-day conferences at least twice a year 
and a quarterly technical journal. Last 
spring. Science magazine proclaimed dia¬ 
mond the Molecule of the Year. 

Industry is leading the charge in the fabri¬ 
cation of polycrystalline diamond films with 
early products like coatings, radomes, acous¬ 
tic speakers, semiconductor substrates, and 
mask supports for X-ray lithography. But the 
big payoff remains just out of reach—we 
must still grow single-crystal diamond. Once 
this is accomplished, we will be able to pro¬ 
duce refractory semiconductors and hdgh- 
power optical elements to revolutionize au¬ 
tomotive electronics, high-power switches 
and lasers, and modem ultraviolet sensors. 

But Government funding has grown to 
only $6 million, far too meager to support 
major device engineering efforts. Yet in 
Japan, the Ministry of Trade and Industry re¬ 
cently launched a $40-million-a-year effort 
to learn to make diamond semiconductors. 

Another area is superconducting electron¬ 
ics using low-temperature niobium or nio¬ 
bium nitride. SDIO sponsors efforts, 
managed by the Air Force’s Rome Labora¬ 
tory and the Office of Naval Research, to de¬ 
velop devices for signal processing and in- 
fim'ed detection. Researchers have for seven 
years continually improved analog-to-digital 
converters, phase shifters, transimpedance 
amplifiers. Squids (superconducting quan¬ 
tum interference devices), and focal plane 
arrays, which demonstrate higher speed and 
lower power dissipation than their semicon¬ 
ductor counterparts. 

The field has been ready for device inte¬ 
gration for at least three years. Lacking are 
the funds to produce terahertz communica¬ 
tion systems, high-resolution imagers, and 
superfast signal and data processors. 
Government backers have tried for years 
without success to energize multi-agency 
support for a foundry to produce supercon¬ 
ducting electronics. And so, while U.S. 


researchers work on single-Josephson- 
junction niobium devices, engineers at Fujit¬ 
su Ltd. and Hitachi Ltd. routinely turn out 
8-bit microprocessors as they push for large- 
scale integration devices. 

An area where the United States still holds 
a commanding lead is satellite communica¬ 
tions. But as the hunger for more bandwidth 
and higher data rates increases, we should 
be pushing into the next frontier—free-space 
optical communications. U.S. researchers 
are pursuing improvements in a number of 
transmitter and receiver technologies, in¬ 
cluding higher-power laser diodes, wide 
field-of-view acquisition, accurate tracking 
and pointing, and high-speed data pro¬ 
cessing. SDIO, the National Aeronautics and 
Space Administration, the Air Force, and in¬ 
dustry each have a first-generation system 
as their long-range goal. 

The embarrassing situation is that the 
devices are ready for demonstration today! 
More than a year ago, a videotape of the 
movie Star Wars was sent optically across 
10 meters of an SDIO conference room. 
Even against a brightly reflective “earth” 
background, the receiver acquired and 
locked on to the narrow-beam laser signal. 
But funds to push the technology into an in¬ 
tegrated prototype or a modest demonstra¬ 
tion on a space platform are nowhere to be 
found. No one seems interested in pushing 
the frontier until the bandwidth crunch 
reaches crisis levels. Both Europe and Japan 
have made major investments in the aggres¬ 
sive pursuit of this new technology. 

Finally, we have photonics. This promising 
field, which produces semiconductor lasers 
and optoelectronic devices for advanced net¬ 
working, optical processing, consumer elec¬ 
tronics, and a thousand other applications, 
is struggling for respect in a silicon world. 
University researchers have crafted a gold 
mine of nonlinear optical materials and blind¬ 
ing-speed laboratory devices. But where are 
the development funds to package a square 
meter of optical bench on a single chip? 

I’m sure you have your own candidates to 
add to my four examples, but the point is 
made. I don’t question the achievements of 
our country’s scientists and their basic re¬ 
search; they can be justly proud of their fine 
contributions. Nor do I doubt that many large 
initiatives like human genome mapping will 
improve our lot. 

But if our technology gurus are success¬ 
ful with their cry for another increment of 
government dollars, priority should be given 
to our R&D engineers. From what I see, 
they’re eager to transform the world’s best 
science into the world’s best technology. 

—Dwight Duston 

Dwight Duston (SM) is director of the Stra¬ 
tegic Defense Initiative’s Innovative Science 
and Technology Office in Washington, D.C. 
He earned his Ph.D. in physics from the 
University of Michigan, Ann Arbor. 


Gain speed in your 
problem solving 
and confidence 


in your answers 
with Maple V... 



The symbolic math software for 
engineering, science, and 
education professionals. 

Maple, developed at the University of 
Waterioo, is today's most complete symbolic 
math package, and it’s now avaiiabie from 
MathSoft, the makers of Mathcad. Mapie's 
comprehensive library of over 2,000 built-in 


environment deiivers a maximum strength 
program in a surprisingiy uncomplicated 


> Provides power and flexibility. 

You won't beiieve that something so 
powerful runs on everything from 
supercomputers to computers with as 
iittle as 1MB of memory. And Mapie's 
fiexibiiity makes it easy to share fiies 
across aii platforms. It's completely 
programmable... and Maple's user 
interface supports naturai mathematicai 
caicuiations, so you can request an 
infinite variety of computations and graph 
your output in two or three dimensions. 

> Use for a wide range of applications. 
Mapie is ideai for a wide range of 
appiications, including heiicopter biade 
design, VLSI design, chemistry, sateiiite 
guidance systems, econometrics, eiectricai 
engineering, and applied mathematics — 

the "bookkeeping" of complex calculations 
and iets you concentrate on modeling and 
problem solving. 


Call US toll-free at 800-628-4223 
or use this coupon to request 
more information on Maple. 

In Massachusetts call 617-577-1017 or 
fax this coupon to 617-577-8829. 

[ ] Yes! Tell me more about Maple. 
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Titie__ 

Company or Institution,_ 
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Digital Signal 
Processing 



NB-DSP2300 

■ Macintosh II DSP plug-in 
board 

. Tl TMS320C30 

. 33.33 MFLOPS 

■ NuBus master 

■ Block-mode DMA 

■ 320 Kwords of zero wait- 
state RAM 

■ RTSI® bus for multiple- 
board synchronization 

Software 

■ LabVIEW® 2 graphical 
programming 

• C-callable DSP library 

■ C compiler, assembler, 
linker 

See us at ATE and 
Instrumentation, booth 108. 

Call for FREE Catalog 
(512) 794-0100 

(800) 433-3488 (U.S. and Canada) 




^NATIONAL 
K INSTRUMENTS^ 

The Software is the Instrument'^ 
6504 Bridge Point Parkway 
Austin, TX 78730-5039 
Tel: (512)794-0100 
Fax: (512)794-8411 
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Support in a storm 

I was elated to see someone finally give 
credit to the technical reps who supported 
Operation Desert Storm [“From factory 
floor to desert war,” by Glenn Zorpette, 
September, p. 41]. 

I have been employed by Picker Interna¬ 
tional Inc. for the last 23 years and never 
thought I would personally be involved in a 
shooting war; I am 54 years old. But before 
the war. Picker International and [parent 
company] GEC Medical Equipment Ltd. [of 
Wembley, UK] had separately volunteered 
to participate with the U.S. Army Surgeon 
General’s Office in the testing and develop¬ 
ing of a field-deployable medical X-ray (TT 
[computed tomography] scanner system. 
The Army decided to deploy the commer¬ 
cially available CT scanners in Saudi Arabia 
in support of our medical corps. 

The (TT scanners were not designed to 
military specification for field deployment. 
Picker and GEC each modified their scan¬ 
ners to fit in the Army’s standard ISO shel¬ 
ter, with a shock absorber system for sur¬ 
vival during transportation. 

There was not sufficient time, however, 
once the decision was made, to fully train 
Goverrunent service personnel. So the 
Army asked for volunteers from Picker and 
GEC. I decided to help because of my 
knowledge of the Army’s fielding require¬ 
ments, obtained during the clinical trials, and 
the scanners’ requirements. 

I was made a little apprehensive, when we 
landed at Dhahran air base on Jan. 16 at 
12:30 a.m., by the sounds of our fighter 
bombers taking off for their first runs. We 
traveled in C5A MAC aircraft with our equip¬ 
ment, to prevent it from getting lost. 

Service and operator training for the 
Government persotmel was started in the 
United States and continued in Saudi Ara¬ 
bia. The Picker International IQ CT scan¬ 
ner was sent to the Army’s 12th Evac Hospi¬ 
tal, located about 40 km below the 
Iraq-Kuwait border. 

I only spent two weeks in the area, but 
I felt that my efforts were worth the hard¬ 
ships. I was told by the CT scanner opera¬ 
tors that the life of the first patient, an acci¬ 
dent victim, examined on the scanner was 
saved because this high-tech equipment was 
available to the doctors. They iagnosed his 
internal injuries at the field hospital level, 
and immediately operated before the patient 
was transported to a rear hospital. Without 
the knowledge of his internal injuries, the 
patient probably would not have survived the 
transporting. 

I found the articles to be very accurate in 
the areas of my involvement, but can add 


that tech reps received the required over¬ 
seas inoculation shots (“ouch”). I also ate 
food from a plastic bag and slept in a tent 
right next to my gas mask and chemical war¬ 
fare suit with the soldiers. I did not receive 
a sizeable bonus, but that was not one of my 
reasons for going. 

Recently the Army purchased Picker’s CT 
scatmer system. It was on lease during its 
deployment in Saudi Arabia. 

Frank J. Oblak 
Highland He^hts, Ohio 


Powerful forces 

]. Robert Ashley errs in his rejoinder to 
James Wait’s letter [August, p. 14] with re¬ 
spect to several points: 

Pbwer-line radiation observations made at 
Roberval, Quebec, and at Siple Station, Ant¬ 
arctica, were reported at least 16 years ago 
(see both R. A. Helliwell, etal., “VLF line 
radiation in the earth’s magnetosphere and 
its association with power system radia¬ 
tion,” /. Geophys. Res., Vol. 80, no. 31, 
pp. 4249-4258, November 1975; andH. R. 
Leuchtag, “Power-line radiation affects 
Earth’s magnetosphere,” Phys. Today, Vol. 
28, no. 12, pp. 17-19, December 1975; also 
noted in Industrial Research, p. 38, January 
1976). 

If Maxwell’s equations give a valid 
description of electromagnetic fields on a 
macroscopic scale, the field vectors are 
uniquely specified because both their curls 
and divergences are specified. 

Furthermore, Maxwell’s equations show 
that in the case of time variations, the elec¬ 
tric and magnetic fields are inextricably 
coupled. 

Ashley’s final comment about (time- 
varying) electric and magnetic fields being 
“essentially independent of one another” 
reminds me of a voltmeter (not an electro¬ 
meter) with an infinite impedance, one draw¬ 
ing no current, that is, a voltmeter with one 
open lead. 

Leon fV. Zelby 
Norman, Okla. 

Ashley’s response, “There is no significant 
radiation of electromagnetic waves by 60-Hz 
power lines, ’ ’ made me think of a unique ex¬ 
perience I had several years ago in a hot air 
balloon. 

My pilot pointed out a power line ahead 
over which we would soon pass and com¬ 
mented that, for reasons he could not ex¬ 
plain, it would cause a shift in the direction 
(Continued on p. 18) 
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There^s a new standard 
for functionality, ease-of-use and price. 
Tne TI'68. 


We set some tough goals for ourselves in 
designing the TI'68. It had to have the 
powerful functions that technical profes¬ 
sionals need. It had to be easy to use. And it 
had to provide all of this at a substantially 
lower price than the competition. 

We met all of our goals and then some. 
The TI'68 has 254 useful functions. It solves 
up to five simultaneous equations with real 
or complex coefficients. A prompting system 
guides you through all entries and results. 

You can handle the complex numbers exactly 
the way you want, without entering a special 
mode. The TI'68 evaluates 40 complex number 
functions and lets you choose polar or 


rectangular forms for entries and results. 

It also lets you easily check your equations 
with a 12'character alphanumeric display 
that can scroll through up to 80 characters 
for long equations. And, the last equation 
replay feature lets you edit or check the last 
computation without having to go back and 
reenter it. 

In addition, when you need to solve 
quadratic, cubic or quartic equations, the 
TI'68’s polynomial root finder will calculate 
the real and complex roots — automatically. 

Working with number bases and conver¬ 
sions are also no problem. Perform arithmetic 
functions in decimal, hexadecimal, octal or 
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binary. And it does Boolean logic operations, too 
TTie TI'68 provides up to 440 program 
steps for as many as 12 user-generated formulas. 
It even stores up to 36 values in memories with 
user-defined alphanumeric names. 

The TI'68 has what you’ve been looking 
for — the right functionality at the right 
price. See and try it at a nearby retailer, or 
call 1'806'747'1882 for additional informa¬ 
tion and to request free product literature. 

, Texas'^ 
Instruments 








IhankYou 
NASA For 
Putting Our 
Software 
Above Hie 
Rest! 



Electronic Imagery's ImageScale Plus, 
a digital image enhancement and analysis 
software, was an integral part of the 13th 
flight of Discovery, and for good reason. 
From desktop publishing to microscopy 
and the space program, ImageScale Plus 
delivers a new level of flexibility and 
productivity to imaging applications. 
Designed to encompass standard image 
processing techniques, ImageScale Plus 
goes the extra mile with built-in lossless 
compression, virtual image processing to 
4096 X 4096, full-color process RGB, CMY, 
YIQ, VHS, unique resolution pan/zoom, 
unlimited macro capability, image collage 
generation, word processing, text, 
graphics and much, much more. 

ImageScale Tools provides the 
industry's most interactive imaging tools, 
incorporating a layer design and hard¬ 
ware independence. The toolkit includes 
executable program files (.EXE), object 
modules (.OBJ), menu source code and a 
sample program, all written in "C", for 
DOS or Windows. 

Discover how ImageScale Plus and 
ImageScale Tools can put your company 
above the rest. 



Electronic Imagery, Inc. 

1300 Park of Commerce Boulevard, Suite 273 
Delray Beach, FL 33445 
1-800-645-9657 
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(Continued from p. 16) 

of our course. We were floating northward 
at about 5 m/s (10 knots), while the power 
line ran east and west. We were about 60 
meters above the line, as I remember. 

As we started over the line there was sud¬ 
denly a distinct pull on the gondola toward 
the east, and our course changed toward the 
northeast until we had passed over the line. 
We then resumed our drift to the north. 

I attributed the pull to the generation of 
magnetic fields in the metal propane tanks 
in the gondola and being coupled to the elec¬ 
tromagnetic field of the power line. (It was 
a three-phase 60-Hz transmission line sup¬ 
ported by pairs of wooden poles.) 

I am sure this does not fall into Ashley’s 
intended meaning of ‘ ‘significant radiation, ’ ’ 
but it was at least interesting to this retired 
electrical engineer. 

Tate B. Collins 
Lawrence, Kan. 


A current color code 

One of my students here at Tulane Univer¬ 
sity suggested an updated color code: Bad 
bolsheviks resist old Yeltsin gladly, but 
Vladimir goes willingly (or, if you prefer, 
guns wildly). 

Cedric Walker 
New Orleans, La. 


Corrections 

On p. 30 of the September issue, the pho¬ 
tograph should have been identified as a 
TRC-170 (Track 170) Tropospheric Scatter 
Wideband Radio. This system provides dig¬ 
ital wideband circuits for up to 250 km (over- 
the-horizon microwave). 

On p. 56 of the issue, on the sixteenth line 
of the second column in the box, the para¬ 
graph number should have been 14. 

On p. 34 of the October issue, the 800 
telephone number for Trimetrix should have 
been 800-548-5653. -Ed. 


Readers are invited to comment in this department 
on materiai previously published in IEEE Spectrum-, 
on the policies and operations of the iEEE; and on 
technical, economic, or social matters of interest to 
the eiectricai and eiectronics engineering profession. 
Short, concise letters are preferred. The Editor 
reserves the right to iimit debate on controversial 
issues. 

Contacts: Forum, IEEE Spectrum, 345 E. 47th St., 
New York, NY 10017, U.S.A.; fax, 212-705-7453. The 
Compmaii address is ieeespectrum. The computer 
buiietin board number is 212-705-7308 and the pass¬ 
word is SPECTRUM; for more information, caii 212- 
705-7305 and ask for the Author’s Guide. 



ADVANCED ENGINEERING 
EDUCATION 

If you're a busy professional engineer 
searching for a convenient way to 
further your education without inter¬ 
rupting your career...look to the VIP. 

Through the University of Massa¬ 
chusetts at Amherst, the VIP offers o 
wide variety of advanced engineer¬ 
ing courses, delivered to your work¬ 
place by videotape or live broadcast. 
The VIP gives you the advantage and 
flexibility to receive graduate level 
instruction at a time and place that fit 
your schedule. 

Call or write today about our 
degree and non-degree programs. 

Spring registration deadline 
is January 21, 1992. 

Video Instructional Program 
College of Engineering 
113B Marcus Hall 
University of Massachusetts 
Amherst, MA 01003 

(413) 545-0063 FAX (413) 545-1227 
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Presentation graphics and analysis for scientific users. 


Your technical data requires more muscle 
and sophistication than basic business 
graphics and plotting packages can 
provide. It’s simply a matter of using the 
right tool for the job. In addition to 
publication-quality graphics, you need 
powerful analysis tools and capabilities 
such as Graftool’s ■ Intelligent Data 
Cursor™ to read out data points on curves 
& surfaces ■ Linear & non-linear curve- 
fitting ■ Unlimited zoom & rotation 

■ Multiple axes in linear, log, or proba¬ 
bility scales ■ Advanced data handling, 
allowing over 268,000,000 data points 

■ Powerftil scientific spreadsheet which 
can directly read your Lotus or ASCII files 


■ Unrestricted placement of graphs & text 

■ Direct compatibility with Microsoft Word 
& WordPerfect. 

With Graftool, all this power and 
flexibility purr quietly under the hood, 
while pop-up menus and push-buttons 
bring an ease of use previously unheard 
of in scientific software. Just “point & 
process” with increased productivity and 
greater understanding. 

GRAFTOOL - the right tool for your 
technical solutions. 

GRAFTOOL $495. 

■ Interactive demo available 

■ Academic discounts. 


SDL 



3-D VISIONS 

W 

Call Toll Free for Details 

1-800-729-4723 

2780 Skypark Drive, Tbrrance, CA 90505 
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Reviewer praise for 
The Art of Electronics: 

“I love this book! It’s the only one 
I recommend!” —Jim Williams, 

Linear Technology Corporation 

“...filled with a tremendous diversity 
of valuable information. ...a joy to 
read...not at all like smdying- -its too 
much fun.” — EDN (NewsEdition) 

“Far and away the finest book on the 
subject of electronic... I cannot 
recommend this book highly 
enough...” — Optical Engineering 

Major Features; 

► 1125 large-format p^es 

• 80 component-selection tables 
I Over 1500 diagrams 
I Exhaustive 4000-entry index 

Major topics; 

► Passive components 

► Transistors, FETs 
I Op-Amp Circuits 

► Active Filters 
I Oscillators 

I Regulators and References 
t Precision Circuits 

► Low-Noise Techniques 
» Digital ICs, PLDs 

k Interface and Opto 
ft A/D,D/A,PLL 
ft Computer Bus Interfacing 
ft Embedded Processors 
ft Layout, Construction, CAD 
ft RF, Fast Switching 
ft Microprocessor Design 
ft Transducers, Measurements 

To obtain your copy, visit your local bookstore or 
order from Cambridge University Press by caUing 
1-800-872-7423, faxing 914-937-4712, or 
writing to Orders Department, Cambridge 
University Press, 110 Midland Avenue, Port 
Chester, NY 10573. Please mention #772 when 
ordering. MasterCard, VISA accepted. ISBN 0- 
521-37095-7 Price: $54.50 


OF ELECTRONICS 

Horowitz and Hill 

Already 6 months at #1 on Electronic Design’s 
monthly listing of best sellers... 

The thoroughly revised and updated Second Edition of the hugely successful The Art of 
Electronics has already sold more that 45,000 copies in 18 months. This book is widely 
accepted as the singlemost authoritative text and reference book on analog and digital 
electromc circuit design. Responding to rapid-paced developments in the electronics 
industry, the completely new edition is 80% larger than the first edition and incorporates 
a large number of new and revised topics. The extensive practical advice and handy 
tehmques and tricks contained in this book make it indispensable to anyone whose 
research or experiments require some electromcs. 

A detailed look at the contents iorAOE reveals that it covers the fuU range of 
subjects appropriate to an electromcs book, as well a rich complement of important but 
often neglected topics including: 

• useful subcircuits such as followers, switches, current sources, current mirrors, 
differential amplifiers, push-pull, cascode 

• JFETs and MOSFETs, FET vs. bipolar design, ESD, analog switching 

• design of constant-Q and constant-BW filters, switched capacitor filters, zero-offset 
LPFs, single-control tunable notch, quadramre and sine-wave oscillators, VCOs 

• discrete and integrated regulators, zener and bandgap references, flying-capacitor 
converters, SOA, thermal design and heat sinking, switching supplies, crowbars 

• precision linear design, autonulling amplifiers, instrumentation amplifiers, 
isolation amplifiers 

• noise generation, measurement, and low-noise design; shielding and grounding 

• combinational and sequential logic; PLDs; timing, runt pulses, clocking skew 

• logic families and interconnection; comparators, phase-locked loops, 
optoelectromcs, driving buses, capacative loads, cables, interfacing; A/D and D/A; 
pseudorandom noise generation 

• IBM-PC and the Intel family, bus interfacing, RS-232, serial ports, ASCII, modems, 
SCSI, IPI, GPIB, parallel ports, LANs 

• 68000 UPs, peripheral LSI, memory, instrument design with programming 

• prototyping methods, printed-circuit and wire-wrap design, schematic capmre, 
instrument construction 

• modular RF components, simplified design of high frequency amplifiers and 
high-speed switching circuits 

• batteries, solar cells; micropower design: analog and digital, discrete, 
op-amp, microprocessor 

• bandwidth-narrowing, signal aver^g, multichannel scaling, lock-in amplifiers 

Cambridge University Press 
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As jpu would expect, the perfect 
Christmas calculator can do polar plots. 


The HP 48SX will revolu¬ 
tionize the way you work. 

No wonder the revolutionary 
HP 48SX is on so many wish 
hsts this year. It’s the only 
scientific calculator that has 
over 2100 built-in functions 
and custom capabilities. 

You can type an equation just 
like it appears in a textbook. 
Graph an equation and deter¬ 
mine its characteristics while 


viewing it. Or, with automatic 
unit management, enter data in 
any given unit and get the 
answer in the unit you want. And 
all with the option of accessing 
PCs via a built-in serial I/O. 
And when you buy an HP 48SX 
this holiday season, you’ll also 
be helping America’s kids excel! 
Your purchase of an HP 48SX 
will help equip selected high 
schools with a $5,000 set of cal¬ 


culators and other key teaching 
materials. 

So put an HP 48SX on your 
shopping list now, and see your 
nearest HP retailer today. 

HP calculators. The best for 
your success. 

WUnt HEWLETT 

mLnM Packard 


ii 


Circle No. 28 








Your Association used group purchasing Most plans cover the whole family and, 

power to n^otiate top quality insurance for mem- as long as you remain a member of the Associa- 

bers—at a very low price. We designed this tion, stay in effect no matter how often you 

coverage specifically for your professional needs. change jobs. Your personal policy can even be 

18D 




ATTENTION IEEE MEMBERS 

Solid Insurance Protection... 

Designed by Engineers. For Engineers. 

The Group Insurance Program for IEEE Members provides 
protection against financial hardships from loss of life, loss 
of incrane due to disabling accident or illness, and the high 
cost of medical care. Coverage is available to members of 
IEEE IEEE and their femilies. 

Return this caid today to teceiwe your IEEE insurance benefit package. 

Please print or type □ Mr. □ Mrs. □ Ms. □ Miss 
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tailored to suit your changing circumstances. 

No wonder other professions would give their right 
arm for our insurance. Find out more about this benefit by 
calling 1-800-424-9883 (in Washington, D.C. call 457-6820). 


IEEE INSURANCE 

Designed by Engineers. 
For Engineers. 
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Professional Perspective 


Careers Conference Focuses on 
“Change & Competitiveness 8c Careers” 


IEEE United States Activities held its 
Seventh Biennial Careers Conference 
in Denver, Colorado, on October 10 and 
11, 1991, with more than 100 engineer¬ 
ing managers, human resource pro¬ 
fessionals, consultants, and academic 
researchers in attendance. The confer¬ 
ence sessions focused on such topics as 
upgrading professional careers, actions 
for competitiveness, improving career 
conditions and career satisfaction, and 
management policies affecting careers. 


IEEE President-Elect Merrill W. 
Buckley, Jr., and Eve Majure of the 
American Electronics Association were 
keynote speakers. Buckley addressed 
“Career Issues As Seen By Engineers,” 
and Eve Majure spoke on “Career Issues 
from Industry’s Perspective.” 

Copies of the Conference Record are 
available from IEEE’s Service Center at 
a cost of $20 for members and $25 for 
non-members, plus tax and shipping. 
To order, call (800) 678-IEEE and re¬ 
quest IEEE Catalog No. UH0190-9. -f 


Foreign Investment in the United States: 

Unencumbered Access 


Is foreign investment snatching up U.S. 
technology, endangering national secu¬ 
rity, and depriving IEEE members in 
the United States of jobs? Linda Spen¬ 
cer, author of an Economic Strategy 
Institute (ESI) study, Foreign Investment 
in the United States: Unencumbered Access, 
addressed these questions for members 
of lEEE-USA’s Technology Policy 
Council, which is developing a position 
on these issues. 

Spencer’s study documents the U.S. 
Government’s lack of oversight of for¬ 
eign investments and purchases of eco¬ 
nomically and militarily critical U.S. 


companies. Despite passage of a 1988 
legislative mandate to monitor invest¬ 
ments in industries with national secu¬ 
rity implications, the Administration 
has reviewed only twelve such invest¬ 
ments and halted only one to date. 

Calling for increased Congressional 
oversight, the study outlines recom¬ 
mendations for comprehensive foreign 
investment legislation. For more infor¬ 
mation, contact Linda Spencer, Eco¬ 
nomic Strategy Institute, 1100 Connect¬ 
icut Avenue, N.W., Suite 1300, 
Washington, D.C. 20036; or call (202) 
728-0993. ♦ 


Updated Employment Guides Available 


lEEE-USA is publishing two updated 
editions of its popular two-volume Em¬ 
ployment Guide for Engineers and Scien¬ 
tists. This practical guide to finding or 
changing employment is put together 
by lEEE-USA’s Employment Assistance 
Committee. One edition is specifically 
written for engineers and scientists who 
have employment experience. Contain¬ 
ing information on salaries and solid 
advice on conducting a job search, this 
edition also provides assistance in cop¬ 
ing with job loss, writing resumes, work¬ 
ing with employment services, net¬ 
working with colleagues and friends, 
interviewing, evaluating the compensa¬ 
tion package, and knowing your legal 
rights in the employment process. 

An alternate edition is written for stu¬ 
dents and contains basic information 
about how to conduct a job search. Spe¬ 


cial features include a list of the 50 most- 
asked questions during a job interview. 

The companion volume to both edi¬ 
tions is a Directory of Employers of Engi¬ 
neers. Listing hundreds of companies by 
state, the Directory includes telephone 
numbers and contact persons. 

lEEE-USA provides complimentary 
copies of the Guide to unemployed U.S. 
members above student grade. Put your 
request in writing, including your mem¬ 
ber number, and mail it to the lEEE- 
USA Office in Washington, D.C. Both 
editions are also sold through IEEE’s 
Service Center at a cost of $14.95 to 
members and $19.95 to non-members, 
plus tax and shipping. To order, call 
(800) 678-IEEE and request IEEE Cata¬ 
log No. UH0186-7 for the experienced 
engineer edition or UH0188-3 for the 
student edition. 4 - 


That Volunteer 
Deserves A Medal! 

How many times have you thought that 
lEEE-USA volunteers deserve some 
sort of reward for all the work they do to 
promote professional activities? Well, 
here’s your chance to make that hap¬ 
pen. Nominations for the 1992 United 
States Activities Board (USAB) awards 
are now open. 

Nomination forms and further infor¬ 
mation are available from the lEEE- 
USA Office in Washington, D.C., where 
completed forms should be returned by 
March 31, 1992. 4 
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Long-Term 

Health Care Insurance 

Many members know that the Institute 
has approved a number of insurance 
programs as a service to U.S. members, 
but they may not realize how important 
the long-term health care plan is to their 
future security. This plan helps protect 
a lifetime of savings from the potentially 
devastating financial consequences of 
an extended nursing home stay. 

IEEE’s plans are offered by sound in¬ 
surance companies through an admin¬ 
istrator that has served IEEE for the 
past 30 years. A group of volunteer 
members who comprise IEEE’s Individ¬ 
ual Benefits and Services Committee 
(IBSC) oversees the program. 

According to IBSC, long-term care 
coverage is often neglected, although 
the need for nursing-home care and the 
cost of it continue to increase. Insurance 
of this kind is not usually part of a retir¬ 
ee’s benefits, and many people are sur¬ 
prised and dismayed to learn that Med¬ 
icare supplementary insurance plans 
don’t provide this coverage. Currently, 
Medicare itself provides only ’’skilled” 
nursing—care that must be provided by 
a skilled health care practitioner—and 
only for a limited time. 

IEEE’s Long-Term Health Care plan 
assures quality care at affordable rates. 
The plan covers all levels of care, 
whether at home or in a nursing home, 
with a daily cash benefit and a duration 
you select, depending on which options 
you choose. 

For detailed information, contact the 
Administrator, Group Insurance Pro¬ 
gram for IEEE Members, 1255 23rd St., 
N.W., Washington, D.C. 20037. In the 
Washington area, call (202) 457-6820, 
or call toll free, (800) 424-9883. 4 
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A SPECIAL ADVERTISING SECTION PAID FOR BY IEEE UNITED STATES ACTIVITIES 


lEEE-USA Launches Legislative Initiative 

Ti.S. 


lEEE-USA’s Committee on U.S. Com¬ 
petitiveness has increased activity to en¬ 
courage Eederal Government action 
and other efforts to improve the com¬ 
petitive position in today’s global 
economy. Competitiveness issues are 
wide-ranging, involving engineering 
design and manufacture, education, 
government R&D policies, antitrust 
laws, and cost of capital for manufactur¬ 
ing facilities. Erom an employment 
standpoint, competitiveness problems 
are particularly important to electrical 
engineers—if U.S. industries do not 
prosper, neither will the careers of 
IEEE members. 

Action on Capitol Hill 

lEEE-USA volunteers testified this 
year in favor of S. 272, the High- 
Performance Computing Act of 1991. 
The bill provides for a coordinated Fed¬ 
eral research program ensuring con¬ 
tinued U.S. leadership in high- 
performance computing. 

Former IEEE President Charles A. 
Eldon, a member of the Competitive¬ 
ness Committee, testified before a 
House Subcommittee on Technology 


and Competitiveness. Stressing lEEE- 
USA’s concerns that the United States 
stay competitive in the field of micro¬ 
electronic components, Eldon also dis¬ 
cussed decreases in U.S. productivity, 
problems in the U.S. education system, 
the lack of engineering education in 
manufacturing technology, and the 
need for industrial consortia. 

Dr. Frank Pittman, Jr., a member of 
lEEE-USA’s Engineering R&D Policy 
Committee, testified before the House 
Ways and Means Committee during 
Hearings on tax policy and U.S. com¬ 
petitiveness. He specifically recom¬ 
mended R&D tax credits, preferential 
treatment for capital gains, and favor¬ 
able treatment for industry-university 
cooperative projects. 

lEEE-USA is also considering draft¬ 
ing legislation to create a Federal enter¬ 
prise that would provide low-cost capital 
for manufacturing facilities. Such an 
enterprise would be able to obtain pri¬ 
vate funds at low rates, because of im¬ 
plicit Government guarantees and ac¬ 
cess to funds not otherwise available to 
private interests. 


Competitiveness Booklet Published 

The Competitiveness Committee has 
produced a booklet. How the United 
States Can Compete in the World Market¬ 
place, which was sent to IEEE volun¬ 
teers, to Congress and the Administra¬ 
tion, to other associations, and to 
approximately 1,500 chief executive of¬ 
ficers of companies employing IEEE 
members. IEEE members can obtain a 
copy of the booklet by writing to the 
lEEE-USA Washington Office. 
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How to Help lEEE-USA’s 
Competitiveness Effort 

Members of Congress respond to their 
constituents. IEEE has nearly 250,000 
U.S. members, and the Committee on 
U.S. Competitiveness would like your 
help. If you are willing to join this effort 
by writing or visiting your U.S. Repre¬ 
sentatives or Senators or their staff 
members to discuss competitiveness is¬ 
sues, please contact the lEEE-USA Of¬ 
fice in Washington, D.C. ♦ 
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IEEE United States Activities 
Announces the 20th Annual Competition for 

1992-1993 Congressional Fellowships 

PROGRAM: Electrical and Electronics Engineers and Allied Scientists are eompetitively selected to serve a one- 
year term on the personal staff of individual Senators or Representatives or on the professional staff of Congres¬ 
sional Committees. 

PURPOSE: To make practical contributions to more effective use of scientific and technical knowledge in govern¬ 
ment, to educate the scientific communities regarding the public policy process, and to broaden the perspeetive of 
both the scientific and governmental communities regarding the value of such science-government interaction. 
CRITERIA: Fellows shall be selected based on technical competence, on ability to serve in a public environment, 
and on evidence of service to the Institute and the profession. Specifically excluded as selection criteria are age, sex, 
creed, race, ethnic background, and partisan political affiliations. However, the Fellow must be a U.S. citizen at the 
time of selection and must have been in the IEEE at Member grade or higher for at least four years. 

AWARDS: lEEE-USA plans to award at least two Congressional Fellowships for the 1992-1993 term. 
APPLICATION: Further information and application forms can be obtained by calling W. Thomas Suttle, (202) 
785-0017, at the lEEE-USA Office in Washington, D.C., or by writing: 

Secretary, Congressional Fellows Program 
IEEE United States Activities 
1828 L Street, N.W. 

Washington, D.C. 20036-5104 

Applications must be postmarked no later than March 31,1992 to be eligible for consideration. 
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IEEE conference proceedings take you to the 
frontier in electronics and computing... 

.. .and our Prepaid Order Plan gets you there 
at a savings of about $5,000! 


The 1992 IEEE Prepaid Order Plan 
(POP) . 

I f your library jieeds leading edge 
information in computing and ■ 

electronics first, fast, and at a reasonable 
price, consider IEEE conference proceed: 
ings. Plus, with our Prepaid Order Plan, 
your library can get these important 
proceedings -and save about $5,000!' 


Our Prepaid Order Plan brings you 
these major benefits: 

■ Save about $5,000 

Pay only $8,995 for the 1992 Plan - 
that's about $5,000 off the combined , 
proceedings prices! 


■ Free 1992 Index * 

You'll get the new 1992 two-volume 
Index to IEEE Publications - a value 
of about $350 -fi'ee 


■ Get key work first 

IEEE conference proceedings publish 
innovative research first - before jour¬ 
nals, magazines, books, oiT-line services, 
CD-ROM or any other media- 


■ Now with ISBNs 

IEEE conference proceedings 
now carry ISBNs, making them 
psier for librarians to work with. 


To order, or for a free brochure, 
call IEEE Customer Service at 
1-800-678-IEEE and ask for 
Rene Owens. Ask about 
our Open Order Plan and 
Suboption Plan too. 


The Institute of Electrical & Electronics Engineers, Inc. • 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331 
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Prc^ram notes 


Maybe your PC can 
tell you something 

In the movie “Star Trek,” 
Command Data is a silicon- 
based lifeform that speaks, 
learns, and feels almost like the 
carbon-based life forms who 
crew the Enterprise. Real-world 
computers as yet can only talk, 
and not too well at that. Still, 
even desk-top models can now 
produce limited speech without 
adding hardware if they use soft¬ 
ware like Monologue from First- 
Byte, Santa Ana, Calif. 

Speech generation techniques 
parallel three methods of teach¬ 
ing children to read—rule based, 
table-based, and mbced-mode. 
The rule-based method cor¬ 
responds loosely to the phonet¬ 
ic method of teaching reading: a 
set of rules defines algorithms 
for converting written word 
fragments into spoken word 
fragments that are strung to¬ 
gether to produce spoken 
words. Table-based speech 
generation mimics the see-and- 
say method of learning to read: 
a look-up table defines an al¬ 
gorithm for converting each 
written word into a spoken 
word. Mbced mode resembles 
the empirical approach to read¬ 
ing taught in most schools, com¬ 
bining rule-based speech gener¬ 
ation with table-based speech 
generation for exceptional words. 

The three techniques have dif¬ 
ferent areas of application. Table- 
based speech is useful when an 
industrial controller must pro¬ 
nounce a few words correctly; 
the talking automated teller or 
the arcade game are examples. 
Rule-based speech is appropri¬ 
ate when an industrial controller 
must pronounce many different 
words, as must, say, the low- 
cost hard-copy reader and the 
home game computer. Mixed¬ 
mode speech is suitable for a 16- 
or 32-bit microprocessor that 
must pronounce many words ac¬ 
curately in applications like in¬ 
dustrial computers and high- 
performance hard-copy readers. 

FirstByte’s Monologue is an 
example of low-cost, mixed¬ 
mode speech generation soft¬ 


ware for IBM-compatible per¬ 
sonal computers. It is a DOS- 
based terminate-and-stay- 
resident (TSR) program loaded 
into memory before it is need¬ 
ed. When activated from the 
keyboard, it reads screen text 
selected by cursor or mouse. 
When linked with a Basic, Pas¬ 
cal, or C program, it reads text 
written to the screen. 

The speech it produces is re¬ 
cognizable and obviously ma¬ 
chine-generated when emerging 
from the speaker on the PC, but 
very lifelike when uttered by a 
speech accessory like The 
Speech Thing from Convox. 
Contact: FirstByte, 3100 South 
Harbor Blvd., Suite 150, Santa 
Ana. Calif., 92704; 714-432- 
1740; or circle 101. For more 
on The Speech Thing, contact 
Convox, ^5 Corner St, Eugene, 
Ore. 97402; 503-342-1271; or 
circle 102. 


Renovating old code 

Programmers often inherit hard- 
to-handle code. It may violate all 
the syntax rules, being so tan¬ 
gled as to warrant the name of 
spaghetti code; or it may be 
written in a dialect or language 
not in use. 

Modifying such code is always 
difficult. Small changes in 
spaghetti code can cause un¬ 
wanted alterations in other parts 
of the program. Minor updates 
to programs written in unusual 
dialects or unfamiliar languages 
can become major projects. 

One way to simplify modify¬ 
ing older code is to write or buy 
programs that automatically 
reformat code and translate it 
into another language. Many 
commercial and also public do¬ 
main programs convert Fortran 
spaghetti code, for example, into 
structured Basic, C, or Pascal 
code. Simpler products restruc¬ 
ture the code and translate it into 
a modem dialect of the lan¬ 
guage. The best programs re¬ 
structure the code and translate 
from one of several dialects to 
the others, giving the program¬ 
mer the freedom to program in 
whatever dialect is appropriate 
(Continued onp. 44) 


“What 
We Do 
for E.E.S 
is Nobody 
Elses 
Business.” 



We’re ANSOFT, a company exclusively 
dedicated to field simulation for electrical 
engineers. The same company that developed 
the High-Frequency Structure Simulator, the 
microwave field simulator sold worldwide by 
Hewlett-Packard. 

Our Maxwell® 3D Field Simulator makes 
analysis completely transparent. By eliminat¬ 
ing the most time-consuming parts of field 
simulation, we leave you more time to do 
what you do best.. .designing. 

Customers are currently using our 
Maxwell CAE tools to simulate practically 
anything that uses electricity, from motors 
and actuators to connectors and IC devices. 
With Maxwell Field Simulators, you’ll be able 
to produce designs faster. Better. Easier. 

Our Maxwell Field Simulators will soon 
have you designing like nobody else’s busi¬ 
ness. Just call us at 412-261-3200, and we’ll 
get you started right away. 



>6NSOFr 

Field Simulation for 


Ansoft Corporation, Four Station Square, Suite 660, Pittsburgh, PA 15219, USA 
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ANSYS-PC/Magnetic 

Power, Price, and Performance in Electromagnetic Software 




ANSYS magnetics was used by Stone and 
Webster Engineering Corporation with 
MIT Plasma Fusion Center to analyze the 
conductors, iron mass, and field in a MHD 
channel. Displayed are the Lorentz forces 
in a conductor. 


Magnetic field analysis for a cyclotron 
magnet design was performed by the 
National Superconducting Cyclotron 
Laboratory, Michigan Stale University, 
using ANSYS magnetics to determine flux 
density levels. 


A printer head linear actuator device was 
modeled by IBM Corporation to evaluate 
normal end axial forces on a sliding 
armature situated between two stators. 


Introducing ANSYS®-PC/Magnetic 
software: Now you can get many of 
the features and functionality of the 
ANSYS program, the leading fin ite 
element analysis (FEA) program, in 
an affordable, PC-based package. 

The ANSYS-PC/Magnetic program 
combines preprocessing, solution, 
and postprocessing capabilities all in 
one affordable package. Using the 
ANSYS-PC/Magnetic program you 
can perform 2-D and 3-D analyses 
for static, low-frequency AC and 
transient magnetic fields, as well as 
3-D current conduction analysis. 

The ANSYS-PC/Magnetic 
program lets you quickly create a 
mathematical model, run any 
number of analytical “what if” tests, 
and view the results. You can get 
the insight you need to develop 
better designs faster than ever... 
before prototypes are tested and 
long before any production begins. 

You can also take advantage of 
such powerful (and standard) ANSYS 
features as design optimization, 
parametric language, submodeling, 
and many others. 


As a result, you can quickly 
design, analyze, and optimize a 
broad range of electromagnetic 
devices, including electrical machines, 
permanent magnet devices, and 
solenoids, just to name a few. 

Swanson Analysis Systems, 

Inc. and its worldwide network of 
ANSYS Support Distributors 
(ASDs) provide the support you 
need, including ready access to 
complete documentation and hot¬ 
line assistance. You can also take 
advantage of a full array of courses 
offered by our ASDs. 

A growing number of com¬ 
panies are using ANSYS FEA for 
electromagnetic design and analysis. 
To join them, contact Swanson 
Analysis Systems, Inc. at: 
1-800-WE-R-FEAl or 1-800-937-3321. 


Swanson Analysis Systems, Inc. 
Johnson Road, P.O.Box 65 


ANSYS®-PC/MAGNETIC 

FEATURES: 

Preprocessor, Solver, and Postprocessor 
Menu System 
Solid Modeler 

Two-Dimensional and Three-Dimensional 
Analysis 

Design Optimization 
Parametric Language 
Macro File Capability 
Printer and Plotter Support 

FIELD SIMULATION 2-D: 

Static Analysis 
AC Analysis 
Transient Analysis 
Saturable Irons 
Current Sources 
Permanent Magnets 
External Field Excitation 
Skin Effects 

FIELD SIMULATION 3-D: 

Static Analysis 
AC Analysis 
Transient Analysis 
Saturable Irons 
Current Source Primitives 
Permanent Magnets 
External Field Excitation 
Electro-magnetostatic Coupling 


ANSYS is a registered mark of Swanson Anaiysis Systems, Inc. 
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Nurturing the open mind 


I I wo characteristics of the in- 

I I novative mind consistently 

I I emerge from interviews with 

I engineers whom their col- 
I_I leagues agree possess innova¬ 

tive genius. First is an open mind. And the 
second is persistence in the face of dis¬ 
couragement. The two are related. Great in¬ 
novators intrinsically enjoy their work, so 
there’s little need to prod them to keep an 
open mind. Not fearing failure, they have lit¬ 
tle hesitancy in trying something more con¬ 
servative engineers might eschew. 

Not everything works, but that’s part of 
the process. Thomas Edison’s experimen¬ 
tation is a classic example. Like some fine 
artists who say, ‘ ‘You’ve got to draw it wrong 
before you can draw it right, ’ ’ innovators in 
electrotechnology observe that you’ll never 
know if it works if you don’t try it. When an 
experiment fails, they learn from it. 

As persons of high confidence and, usually, 
of high emotional stability, innovators are apt 
to pursue a case on its technical merits, dis¬ 
missing or bypassing impediments raised by 
bureaucracy while heeding, but not being de¬ 
terred by, colleagues’ criticisms. At the 
same time, as psychologist Michael Macco- 
by points out in Ws analysis in this issue, in¬ 
novators are sensitive to the larger environ¬ 
ment that involves economics, need, and 
acceptance of a product in a cultural context. 
Otherwise an idea could remain a mere un¬ 
applied invention, as opposed to a truly wor¬ 
thy innovation. 

At some point, when a path seems clear 
or an experiment seems worth doing, the 
successful inventors pay little heed to dis¬ 
couraging environments. Many recall 
respected colleagues telling them something 
could not work, just prior to their doing it. 
Corporate managers may take away funds, 
but somehow the work is bootlegged. 

Many of the great irmovators do not see 
their role as supporting a corporate ‘ ‘team, 
but, in fact, as independent thinkers or 
devil’s advocates who may often find them¬ 
selves moving at a sharp angle to a compa¬ 
ny’s current themes. Often they appear 
uninterested in an organization’s internal pol¬ 
itics. Yet if the bureaucracy becomes too im¬ 
posing, they have no qualms about moving 
to a friendlier environment. 

Successful irmovators follow different pat¬ 


terns of invention. A common characteris¬ 
tic, however, is the abihty to step back and 
view the larger picture. Some refer to it as 
a systems outlook. Many innovators see it 
as the stage that requires more patience and 
contemplation, so as not to preclude any op¬ 
tions through premature embarkation on one 
path. 

Some irmovators, in fact, seem most com¬ 
fortable working in the systems definition 
stage, leaving the details of implementation 
or options studies to other members of the 
organization. Sony Corp. ’s cofotmder, Masa- 
ru Ibuka, and California Institute of Technol¬ 
ogy’s John Pierce may fit this pattern. But 
some innovators do not begin with the sys¬ 
tems phase. James Blinn, an animation spe¬ 
cialist, feels more comfortable dealing with 
some details first, rather than starting with 



an overview of the problem—but from that 
point on he iterates between the two. 

The notion that an innovative idea may 
strike like lightning is rejected by most in¬ 
ventors in our field. It is mythical, they say, 
like overnight stardom. Years of methodical 
hard work are the traditional prerequisites. 

One framework for studying the innova¬ 
tive process has been proposed by W. Ber¬ 
nard Carlson and Michael E. Gorman, of the 
University of Virginia, who postulate that 
both mental and experimental models are 
important elements. They view the process 


as one in which the innovator, prior to syn¬ 
thesizing an invention, compartmentalizes 
experiential knowledge into “slots.” This 
fits well with a process alluded to by Jacob 
Rabinow, who describes it metaphorically. 
When looking for a solution, Rabinow says, 
one figuratively puts all the things one knows 
on cards and throws them into the air. As 
they hit the floor in interesting combinations, 
he says, new insight may be revealed. 

It is probable that among the elements of 
intelligence slotted into the pigeonholes of 
the inventor’s mind are various learned 
shortcuts that can be appropriately recalled 
and reused. It may in part be the applica¬ 
tion of these shortcuts, and their synthesis 
with one another, that seems to others to 
represent “strokes of genius.” 

Or does genius go beyond even that? Self- 
taught English mathematical physicist Oliver 
Heaviside’s audacious use of physical or in¬ 
tuitive arguments to establish mathematical 
results is reported to have driven the pure 
mathematicians among his contemporaries 
to near apoplexy. To outsiders, methods like 
Heaviside’s are dazzling—like a mountain 
goat’s ballet as it leaps from one slender out¬ 
cropping to another with grace and confi¬ 
dence, and with little evident forethought. 

In the end, some managers suggest, in¬ 
novation is but one part of engineering, and 
if every engineer were to possess the de¬ 
gree of inventive genius enjoyed by the sub¬ 
jects of IEEE Spectrum’s interviews in this 
issue, who, they ask, would do the routine 
engineering. 

Even so, there are many of us who believe 
that we occasionally exhibit traces of the in¬ 
novator’s brilliance, and that nurturing those 
personal and environmental characteristics 
that support innovation is in the best in¬ 
terests of good engineering. 

Spectrum’s editors are indebted to the col¬ 
leagues of those masterful innovators who 
participated in this special report for their 
help in choosing them and for their useful 
observations on the process of innovation; 
to Michael Maccoby for his insightful anal¬ 
ysis that accompanies the report; and to the 
IEEE Foundation and the IEEE Life Mem¬ 
ber Fund for assistance in funding its publi¬ 
cation. 


Donald Christiansen 
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The innovative mind 
at work 


Some engineers seem to 
transcend change; they 
move effortlessly from 
one technological ad¬ 
vance to another, mak¬ 
ing their mark and en¬ 
riching the field as they 
do. IEEE Spectrum asked 
a few such people to tell 
us about their back¬ 
grounds, achievements, 
work habits, and feel¬ 
ings about their own 
creativity and gifts for 
innovation. Spectrum 
also asked psychologist 
Michael Maccoby to 
analyze the responses 
for common and diver¬ 
gent characteristics in 
the hope of resolving 
our ideas about the 
nature of innovators. 

At Spectrum request, 
prominent IEEE Fellows 
nominated many 
candidates—men and 
women from around the 
world. With great diffi¬ 
culty, the eight covered 
here were picked from 
the list according to 
these criteria: they have 
made contributions over 
many years, they are 
highly regarded in their 
fields, and they repre¬ 
sent a spectrum of back¬ 
grounds. 

Maccoby’s analysis is 
based on the complete 
texts 0 /Spectrum '5 in¬ 
terviews. The profiles 
are distillations of those 
interviews. 



Innovators delight in 
exploring unknown territory; 
their reward is simply 
the work itself—indeed, 
work for them is play 

lato writes that man is 
closest to God when he is 
playing. While we work 
out of necessity, for sur¬ 
vival, play is an expres¬ 
sion of freedom. Through 
play, we discover, inno¬ 
vate, and express our¬ 
selves. As infants, we play at peek-a-boo to 
master feelings of abandonment. As small 
children, we make “What if?” excursions 
into fantasy and begin to play games that re¬ 
quire discipline, strategy, and tactics. 

The disciplined play of the innovators in¬ 
terviewed by IEEE Spectrum editors em¬ 
ploys the tools of science to understand how 
things work and to build on that insight by 
inventing. As Carver Mead put it, “Some¬ 
times you can’t prove it. You need to do it. ’ ’ 
In the Platonic sense, these innovators have 
become God’s colleagues in creating the 
world. As Charles Townes reflected, 
never felt that I really worked at anything. 
It’s all play.” 

Perhaps it would take a different kind of 
innovator to understand them fully—to com¬ 
prehend their psychology and mode of think¬ 
ing. Doubtless, genetics plays a major role, 
and so it would seem from tJieir family his¬ 
tories. Jun-ichi Nishizawa’s father, now aged 
98, was dean of the faculty of technology at 
Tohoku University and his younger brother 
is now professor of metallurgy there. 

Townes’s older brother was a well-known 
entomologist, and his other siblings a 
teachers and professionals. Rabinow’s older 
brother was also an electrical engineer. And 
so on. Although the interviews do not em¬ 
phasize childhood experiences, one gets the 
sense of families that support learning and 
curiosity. The spirit of play is not stifled by 
poverty, fear, or demands that these inno¬ 
vators become early over-achievers. 

How do their minds work? In particular, 
how do they choose problems to think 
about? John Pierce said, “I see something 
that ought to be within my grasp, but it isn’t, 
so it seems worthy of pushing on.” 


Michael Maccoby The Maccoby Group 


These innovators enjoy grappling with 
problems, especially in untrodden areas. 
Townes said that he stays in a field until it 
is no longer ‘ ‘interesting, ’ ’ meaning it offers 
nothing new to discover. For Mead, inven¬ 
tions are things that ‘ ‘just had to be done. ’ ’ 
He admits that ‘ ‘something is bothering me 
because it isn’t understood.” He feels 
“there must be a better way.” 

A difference between innovators and in¬ 
ventors is that while the latter contrive new 
devices or methods that may or may not be 
adopted, the innovator changes things on a 
broad front. The innovators, by definition, 
choose big problems with large implications. 
Pierce designed telecommunications satel¬ 
lites, Townes invented the laser. Mead is de¬ 
termined to transform the programming in¬ 
dustry, and Nishizawa wants to revolutionize 
power electronics the way he changed tele¬ 
communications with fiber optics. 

The bigger the innovation, the more re¬ 
sistance and disbelief it provokes from 
others. Genius iimovators see things in ways 
that may not make sense even to distin¬ 
guished colleagues. Mead cites British writ¬ 
er Arthur Koestler’s The Act of Creation on 
benefits of placing a problem within a total¬ 
ly different conceptud space. But this is only 
a benefit if one has been deeply immersed 
in a problem and has the intellectual power 
to put things together in new ways. Pierce 
said, ‘ ‘As you think about a problem, you fill 
your mind with ideas about it, but the solu¬ 
tion is apt to come rather suddenly.” 

When I studied technical innovators for my 
book The Gamesman (Simon & Schuster, 
New York, 1977), I used the Rorschach test. 
I found that when asked to describe what 
they saw in the inkblots, the most innova¬ 
tive engineers and physicists saw the blob 
first as a whole and then delineated details. 
In contrast, many engineers first look for 
clearly recognizable details and then may try 
to put them together. 

While Spectrum’s innovators did not take 
Rorschach tests, most of them said they first 
try to see the problem as a whole and then 
work on the details in relation to the whole. 
Masaru Ibuka put it this way: ‘ ‘I think over 
the issue I am working on and wait until I 
get a vision that illuminates its overall na¬ 
ture. Then, I communicate this to my staff 
and we work together to set a clear direc¬ 
tion for its solution. We explore all the 
various possible alternatives.” 

Although as children they were tinkerers, 
as grown-ups the iimovators tend to grap¬ 
ple with problems that have broad implica- 
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tions. These problems are not merely tech¬ 
nical, but have to do with enhancing the 
human capacity to communicate and create. 
Nishizawa sees the meaning of his work as 
improving “the living conditions of every 
human being.” He notes that this mission 
has developed from a nationalistic drive: 
“We Japanese do not have many natural 
resources, even food, so we should invent 
and develop new technologies.” 

James Bhnn invents his high-technology 
animations in order to teach others about 
science, while Mead connects his inventions 
to the world of business. For him, creativi¬ 
ty includes not only science and technology 
but also the need to transform the market. 
Pierce believes that ‘ ‘peace and prosperity 
depend on communications. ’ ’ He is turned 
off by the idea of space travel: ‘ ‘I didn’t be¬ 
lieve man would go up into space and do any¬ 
thing useful, and I don’t think they have!” 

The innovator has a systems mind, one 
that sees things in terms of how they relate 
to each other in producing a result, a ne>v 
gestalt that to some degree changes the 
world. The goal of the system depends on 
the breadth of one’s thinking. For example, 
one can think about a car in terms of all its 
parts working together to make it go. Or one 
can think of it as a dynamic element of a 
transportation system depending also on 
highways, fuel, and so on. 

In contrast, most engineers do not think 
in systems terms. They are concerned about 
designing a good piece-part, like a clutch. 
The innovator goes beyond the invention to 
consider its impact on a larger system. 

Once a new conception begins to develop, 
the innovators try out ideas with students 
and colleagues. Jacob Rabinow likes to 
“bounce ideas off people.” John Cocke 
speaks of “playing off ideas.” Writing an 
idea up is important for Pierce. However, 
they do not expect immediate agreement or 
acceptance. Townes related how 1.1. Rabi, 
the Nobel physicist, disparaged his new 
ideas. Nishizawa pointed out that his inven¬ 
tions in fiber optics antedated by 10 years 
Japan’s ability to make use of them. 

It is significant that, although they work 
in a society known for pressures to reach 
consensus, the Japanese innovators march 
to a different drummer. “I never give up 
[just] to obtain agreement, ’ ’ stated Nishiza¬ 
wa. And Ibuka said much the same: “I do 
not take any heed of negative opinions. I just 
go about my work in earnest.” 

Many people do not learn from negative 
instances. Failure, or the inability to find con¬ 
firmation of one’s hypotheses, causes an 
emotional letdown, disappointment. Re¬ 
search shows that in these cases, informa¬ 
tion that might be there to learn is ignored. 

The innovator, on the other hand, finds 
disagreement an important stimulus to 
problem-solving and is not put off by failure. 
Rabinow talked about the right to fail with¬ 
out feeling a failure. Cocke said, “It is a 
pleasure when you are wrong, because that 
(Continued on p. 35) 


JACOB RABINOW: 

326 patents and counting 

o Jacob Rabinow, inventions are ‘ ‘an art form like all 
things that are created in the depths of the human 
brain”—and an antidote to an unusually ‘ ‘low thresh¬ 
old of pain’ ’ for the world’s imperfections. He ought 
to know. In both number and breadth, his patents tes¬ 
tify to an extraordinary inventiveness. Rabinow holds 226 U.S. pa¬ 
tents and about 100 in other countries. But those 100 he does not 
count because, except for one in Japan, they are duplicates of U.S. 
patents. He also emphasizes that many of them are “cluster” 
patents—awarded for inventions that were offshoots of his earlier 
inventions. 

The list includes safety mechanisms for bombs and rockets, a gyro 
control for guided missiles, a servo-driven straight-line phonograph 
arm, an automobile headlight dimmer, an automatic regulator for 
clocks and watches, the magnetic particle clutch, a pick-proof lock, 
reading machines, a postal letter-sorter, and the first magnetic-disk 
file for computers. 

When IEEE Spectrum talked to him in his home in Bethesda, Md., 
Rabinow was recovering from a cataract operation. Despite that and 
his 81 years, he was eager to talk about inventing and showed us 
many original models of his work. Most of the papers related to his 
inventions he donated to the National Institute of Standards and 
Technology (NIST), where he spent much of his career. (He still 
works as a consultant for NIST a few days a week, mainly in help¬ 
ing to evaluate ideas submitted to the institute’s Office of Energy 
Related Inventions.) Other papers he has given to the Smithsonian 
Institution, Washington, D.C., which features models of some of his 
inventions. 

Inventing for Rabinow is done for the fun of it, because he needs 
something for himself or for his friends, or to solve a problem. He 
considers it a challenge. ‘ ‘You want to do something better than it 
has been done before, or that has never been done before, ’ ’ he said. 
But to be commercially successful, an invention needs to be “five 
or 10 years ahead of when anyone would have a need for it.” 

There is no formula for inventing, in Rabinow’s opinion. He at¬ 
tacks anything that interests him, analyzes it, and looks for a way 
to solve it. He savors solving problems. ‘ ‘It’s an ego trip, ’ ’ he told 
us, adding that ‘ ‘it’s easy to be clever when no one else knows any¬ 
thing about the problem, as in new ordnance during World War II. ” 

A negative reaction does not bother him. He just shrugs and tries 
to look at the situation in another way, or else drops it. “Because 
you think you’re good, you have an absolute right to an occasional 
failure,” he said. “Don’t expect to be successful all the time.” 

Rabinow told us that his early inspiration came from Jules Verne, 
whom he read as a child in Russia, “fascinated hy the technology 
described.” 

The son of a shoe manufacturer, Rabinow was bom Jan. 8,1910, 
in Kharkov, Russia. Four years later, his family moved to Kustanai, 
Siberia, where his father had another factory making shoes to order. 
But in 1919, because of the political unrest in Russia, they fled to 
China, where his father died soon after. In 1921, Rabinow, Ms moth¬ 
er, and older brother then moved to the United States, settling in 
Brooklyn, in New York City. 

At Brooklyn’s Thomas Jefferson High School, from wMch he 
graduated in 1927, Rabinow admits he was a ‘ ‘good’ ’ student. After 
working as a salesman, a radio installer, and a repairman for a radio 
store on Cortlandt Street in Manhattan, he entered the City Col¬ 
lege of New York (now City University) in 1928. There, he said, 
he was at best an average student—except in purely technical sub¬ 
jects. He received a B.S. degree in engineering in 1933 and stayed 
on to earn an E.E. degree in 1934. 

Few jobs for engineers were available and Rabinow did not find 
one until 1938—as a mechanical engineer at the National Bureau 
of Standards (now NIST). He began by calibrating water current 
meters used to determine how fast a river was flowing. Realizing 
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the meters were inaccurate, he asked leave to redesign them. That 
sparked his lifetime of innovating. (An earlier attempt when as a 
child he had “invented” a rock catapult had ended in disappoint¬ 
ment when he learned it had been developed 2000 years before by 
the Romans, who called it a ballista.) 

During World War II, his innovative work on proximity fuzes and 
other ordnance problems at the bureau won him the position of di¬ 
vision chief and a series of awards and honors. Between 1954 and 
1972, he worked in industry, even setting up his own company, 
Rabinow Engineering in Rockville, Md., in 19M. The following de¬ 
cade Rabinow considers his most fruitful because ‘ T had the money 
then to do what I wanted and it was a lot of fun. ’ ’ But in 1964, when 
his company became part of Control Data Corp., “I couldn’t fool 
around anymore,” he said. 

After a stint as president of another company, Rabco Inc., which 
was later acquired by Harmon Kardon Corp., he rejoined the Na¬ 
tional Bureau of Standards and became chief research engineer of 
the National Engineering Laboratory. He retired from full-time em¬ 
ployment there in 1975. 

Rabinow revealed that his work habits include standing or sitting 
on a tall stool (he likes higher-than-normal work surfaces). When 
he had his own company, he would as a rule quit at five o’clock. 


Jacob Rabinow with models of a few of the 
many inventions for which he holds patents. 


Enough was enough, he felt, and he does not believe in rushing an 
invention. But sometimes, when he was hot on the trail of some¬ 
thing, he would work well into the night. 

In the initial stages of innovating, he likes to work with others, 
bouncing ideas off them. He has never had an invention stolen from 
him as a result of this idea-bashing, nor has he ever had a patent 
suit filed against him. He also enjoys communicating his ideas ver¬ 
bally to selected people and likes having technical people respect 
his work. 

Flashes of inspiration come to him while shaving, driving, or par¬ 
taking in other activities. Solutions are usually sudden in his case. 

Luck played a big role in his success, he thinks, including having 
smart parents, having come to the United States, having gotten a 
good, free education and a job at the National Bureau of Standards, 
and having had brilliant and tolerant bosses. He disclaims any major 
failures, having dumped unworthy projects before they went too far. 

Burnout has never troubled Rabinow when inventing, only at times 
when trying to sell his inventions. At present, for instance, he is 
tired of trying to interest anyone in the pick-proof lock he created. 

In Rabinow’s recently completed first book. Inventing for Fun 
and Profit (San Francisco Press, 1990), he recounts his career and 
explains how he came to invent specific devices. He also offers some 
thoughts on the process of inventing and pieces of 
advice to would-be inventors. Here are several: 

• “The trouble with the word ‘invention’ is that it 
implies something fundamental or important, or 

\ something that people will use or buy. That is far 
; from being the case. An inventor does many things 
! for himself that are not important. ” 

■ • ‘ ‘The ego, the challenge, the fun of solving a prob¬ 
lem are very important to people like me, and I am 
sure this is true of most inventors.” 

• “I warn inventors that unless they make a very 
thorough search in the Patent Office and other liter¬ 
ature, they should not waste much time or money. 
The chance of being original is very small.” 

• ‘ ‘There are at least two types of inventions.. .One 
creates a solution to a problem that is either recog¬ 
nized by many or that is presented to the inventor 
by outside sources. In the other type of invention, 
the inventor solves a problem because he or she im¬ 
agines that something should be done, something 
that other people don’t know needs to be done. Once 
it is done, the invention becomes needed. This is the 
case where invention is the mother of necessity.” 

• “I have no doubt that invention is a random pro¬ 
cess. It bothers people when I say that inventing is 
not done logically... If all inventions could be done 
by logical, rigorous procedures, we could program 
computers to do it.” 

• ‘ ‘In my opinion the process of invention is some¬ 
thing like this: When one is looking for a solution— 
for example, how one should read printed 
characters—one figuratively puts all of one’s infor¬ 
mation, all the things one knows, on cards and throws 
them up in the air. As the cards hit the floor one looks 
them over and sees if any of them together, in com¬ 
bination, make sense. Does the combination come 
up with something that one hasn’t yet thought of—a 
new interesting combination? The individual items 
of the combination may be quite old.” 

• “Perhaps the real reason one invents is that one 
has a low threshold of pain—that I am bothered by 
things that don’t work well, or things that work but 
that I think I could make work better. I am sure this 
is true of others. And like dope addicts, we know that 
the way to stop the pain is to invent a better way. 
It may never work and we may never use it, but the 
fact that we do it somehow or other reduces the pain 
and makes one feel well.” —Ronald K. Jurgen 
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cumnu.muD: 

blending science and engineering 

he hours after dawn are Carver Mead’s time for in¬ 
novating. Tucked away in a log cabin amid redwoods 
in the hills above California’s Silicon Valley, or in his 
home in the Los Angeles canyons, Mead wrestles 
with ideas between sunrise and breakfast. 

“Something that needs to be invented,” he said, “starts as an 
emotional itch that you can’t scratch, a vague sense of discontent 
with something that isn’t understood.” 

‘ ‘Then, ’ ’ Mead told IEEE Spectrum, “I become aware of a frus¬ 
tration with the existing way it’s done, and for months in those early 
hours I’ll struggle with the problem, even though often I can’t quite 
see what it is. Then some morning it will go click, and I’ll have an 
insight, which will take me a little ways. Then I’ll get stuck again. 
Then there will be a more intense set of frustrated feelings, but 
usually what needs to be done begins getting clearer.” 

This is Mead’s version of the creative process, a solitary strug¬ 
gle to be pursued “until reality intervenes.” The phone rings, an 
appointment is scheduled, and it is time to go out in the world. The 
rest of the day Mead, a professor at the California Institute of Tech¬ 
nology in Pasadena, spends meeting with students, consulting with 
companies, or trying out new ideas in the laboratory. 

What he avoids early on, however, is discussing his struggle, be¬ 
cause, he said, the only language for a problem already contains 
the traditional viewpoint and “if you use that language, you come 
up with the same answer everybody else has.” 

But Mead still requires regular contact with other scientists and 
engineers. He typically talks to people, rather than reading. “With¬ 
out contact with a rich intellectual space, I would have been bar¬ 
ren,” Mead said. “I can’t invent things from just zero. Inventing 
for me is putting together things that are from the milieu of people, 
ideas, insights, and ways of thinking that I collect. ’ ’ 

That milieu has served Mead well in his innovative work in de¬ 
veloping what is now called the MESFET (metal semiconductor 
field-effect transistor), in silicon compiling, and in artificial neural 
networks. 

Sometimes, though, the milieu has failed him. Mead said he 
missed by a hair the Nobel Prize 
in physics awarded in 1973 for su¬ 
perconducting tunneling to Brian 
Josephson, Leo Esaki, and Ivar 
Giaever. Several years before 
Giaever performed his break¬ 
through experiment. Mead was 
looking for a metal with an ener¬ 
gy gap above its Fermi level on 
which to perform tunneling ex¬ 
periments. Even though Mead’s 
office mate was working with su¬ 
perconductors, Mead never con¬ 
nected them with the material he 
sought, and in the end dropped his 
search. “Even if you have the 
right idea and you see it clearly, 
you’ll fail if you are missing a piece 
of the puzzle,” Mead told 
Spectrum. 

Raised as an only child in a 
house in the woods in Northern 
California, Mead attended gram- 


Carver Mead shows his 
design for a retina¬ 
emulating silicon chip. 



mar school at a one-, then later, two-room schoolhouse, where he 
was free to eavesdrop on all the lessons, not just concentrate on 
his grade level. He budt things all the time, he recalls—from modify¬ 
ing scooters to make them easier to ride on hills to inventing an 
adjustable spinner for his fishing rod. From his earliest years he had 
access to information about electrical things from his father, who 
worked for a local power plant. An uncle introduced him to radio, 
with which he became fascinated. When he was 12, he recalls, a 
new neighbor arrived with ham radio gear and stacks of manuals 
that Mead explored. Armed with this new knowledge, he haunted 
war surplus stores and began building anything he could, getting 
a job at a local radio repair shop and later at a station in Fresno as 
a transmitter engineer. 

At the urging of colleagues at the radio station. Mead changed 
his college plans—from dentistry at Fresno State to electrical en¬ 
gineering at Cal Tech. Receiving the B.S. in 1956, the M.S. in 1957, 
and the Ph.D. in 1959, Mead stayed on as an assistant professor 
and never left. “I’m a lifer,” he told Spectrum. 

Nevertheless being a lifer does not mean that Mead always re¬ 
mains in the ivory tower. “If you stayed there all the time,” he 
said, “it would be deadly, because it is so insular. People just talk 
to other people in the field and often don’t know what is going on 
in the real world.” 

To combat that insularity, ever since he was a graduate student. 
Mead has spent part of his time consulting with industry, plunging 
into the Silicon Valley corporate environment on Fridays and how¬ 
ever much of the weekend is necessary. While he has played a part 
in launching a number of Silicon Valley start-ups—one of his earli¬ 
est was Silicon Compilers in San Jose (1981), and his most recent 
is Synaptics Inc. in San Jose (1986)—he was never tempted to leave 
academia entirely. “It’s too important for me to have a science 
base, ’ ’ he said. ‘ ‘Every company I’ve been associated with has to 
run so hard to stay good at what they’re doing that they can’t move 
on to new technology.” 

Blending basic science with developmental engineering has been 
a theme throughout Mead’s career. His first realization that the un¬ 
derlying physics of a device and the circuit itself interacted in unique 
ways came in 1957, when he studied the work of Stanford Univer¬ 
sity Professor John Linville, who had modeled the inner workings 
of a transistor. 

‘ ‘I used his method to figure out how a transistor would work when 



26 


/ 















switching large currents,” Mead said. ‘‘It wasn’t a big deal, but 
it was the first time I myself had figured out a new thing that had 
both circuits and physics in it.” 

From there. Mead began studying tuimel diodes, which had re¬ 
cently been invented by Japanese researcher Leo EsaM. For 10 years 
Mead tried to simplify the underlying theory of Esaki’s discovery 
and to build various tuimeling structures. Along the way, he invented 
several devices: one was a tunnel transistor, which never became 
a product because it was not as useful as regular transistors; an¬ 
other was what Mead called the Schottky barrier-gate field-effect 
transistor, now called the MESFET, which he built out of an as yet 
unexploited semiconductor material, gallium arsenide. The MES¬ 
FET, completed in 1965, did not catch on for about 10 years; it is 
now used in satellite communications and ultrahigh-speed logic. 

In 1968 Mead developed what some consider his most influen¬ 
tial theory. Preparing for a talk on device physics, he began think¬ 
ing about the scaling of semiconductor devices. The common lore 
at the time was that while manufacturing developments would allow 
for the doubling of the number of transistors on a chip every year, 
as devices got smaller and more tightly packed, power dissipation 
would go up till devices became too hot to work. The predicted 
feature-size limit was 10 micrometers. 

Something bothered Mead about that theory, and when he worked 
through the problem, he concluded instead that, as devices got 
smaller and denser, they dissipated less power; the 10-;tm barrier 
did not exist. 

He began preaching this new doctrine throughout the semicon¬ 
ductor industry and, though initially he met with skepticism, he start¬ 
ed a wave of activity. 

He also launched himself into a new field. ‘ ‘I was [predicting] mil¬ 
lions of devices on a single piece of silicon,” he recalled. ‘‘If [so, 
doing physics was] the wrong end of the problem. The real prob¬ 
lem was going to be that nobody had any idea how to design a thing 
with a milhon moving parts.” 

Mead knew that computers would be the answer. However, he 
know nothing about them beyond a smattering of the Basic program¬ 
ming language. ‘‘I had had just one course in symbolic logic as an 
undergraduate, and it was a humanities course, ’ ’ Mead said. Learn¬ 
ing the new field was ‘ ‘excruciating, ” but ‘ ‘I couldn’t help it; it had 
to be done.” 

In 1971, working with then-freshman Steven Colley (now presi¬ 
dent of NCube Corp., Beaverton, Ore.), Mead built his first silicon 
compiler for designing dense silicon chips. Continuing to work with 
the technology, he gave a short corrrse on very large-scale integra¬ 
tion (VLSI) design in 1976 at Xerox Corp. ’s Palo Alto Research Cen¬ 
ter. That teaching prompted a project with Xerox researcher Lynn 
Conway: develop the idea of structured VLSI design into a book. 
Introduction to VLSI Systems (Addison-Wesley, Reading, Mass.) was 
published in 1979, and is still considered the basic text for the field. 

With the publication of the book, the launching of a company (Sili¬ 
con Compilers) to develop design tools, and the arrival of new play¬ 
ers into the field. Mead felt he had contributed about all he could 
to VLSI design. He was also badly burned out, he told Spectrum-. 
during the period of most intense work on the book, while keeping 
up with his students at Cal Tech, Mead had faced a number of per¬ 
sonal setbacks, including a divorce and the deaths of both parents 
and a daughter. Then he walked through a glass window at a friend’s 
house. To regroup, he retreated to his ranch in Oregon. When he 
returned to Pasadena, he decided to pursue a research interest that 
long had been in the back of his mind: neural networks. 

Mead was first introduced to neural networks in 1968, when Nobel 
prize witmer Max Delbruck asked for his opinion of a new theory 
in neurobiology—that a nerve membrane works like a transistor. 
Mead looked at the theory, then pronounced it ‘ ‘garbage. ’ ’ But he 
was intrigued enough to do some experiments and develop a the¬ 
ory that would work. Soon, however, the work in silicon compilers 
became ‘ ‘all absorbing, ’ ’ and he dropped his efforts in neurobiolo¬ 
gy, though throughout the next 10 years, he recalls, ‘ ‘this vague 
analogy kept running in my head, how the brain getting itself wired 
up is similar to what a chip compiler does.” 


Since 1983 Mead’s research focus has been entirely on what is 
now called artificial neural networks. ‘ ‘Neural circuits are more ex¬ 
citing than anything I’ve done before, with, I think, much more far- 
reaching implications,” he admits. 

So far Mead and his students have developed chips that emulate 
the retina, which is expected to ultimately be useful for machine 
vision. Currently he is working on an artificial cochlea, and recent¬ 
ly he designed a chip that can analyze a sound wave and “hear” 
a fundamental note missing from a harmony. His most exciting new 
projects are chips that learn from experience in real time. He does 
not expect to wind up his work in this area any time soon. 

Today’s technology ‘ ‘is irresistible, ’ ’ Mead said. ‘ ‘It is the most 
incredible intellectud endeavor of all time, and digital computers 
are just the first baby step. I’m much more excited than I have ever 
been.” —Tekla S. Perry 


MUmUlBUKK: 
farsighted founder 

invent because making new things provides one of 
the bi^est joys of my life—a satisfaction of my curi¬ 
osity,” Masaru Ibuka told IEEE Spectrum. ‘‘Sony 
was established as a result of this drive, ’ ’ added the 
company’s honorary chairman and cofounder. 

Ibuka thinks deeply about a problem until he arrives at, in his 
words, ‘ ‘a vision that illuminates its overall nature. ’ ’ To that approach 
he surely owed his speed in recognizing the significance of the tran¬ 
sistor. His success in capitalizing on the insight, though, is as sure¬ 
ly also due to his refusal to be distracted by ‘‘negative opinions” 
or failures. 

His creativity seems unquenchable. Since founding Sony Corp. 
in 1946 with Akio Morita on US $500, Masaru Ibuka has invented 
and promoted a whole string of consumer electronics firsts: Japan’s 
first all-transistor radio, a transistorized television, a videocassette 
recorder for home use, the Walkman personal stereo, and a compact- 
disc player, among others. Now 83 and retired from corporate life, 
he still exercises his innovative energies in research into early child¬ 
hood education and non-Westem medicine. 

Ibuka was bom in 1908 in Nikko City, Tochigi prefecture, north 
of Tokyo. His father, an engineer, died when Ibuka was three. His 
mother, a graduate of Nihon Joshi Daigaku Qapan Women’s College), 
taught for many years at the kindergarten associated with her alma 
mater. 

Radio enthralled Ibuka, even as a boy. Dissatisfied with the sim¬ 
ple galena-crystal receivers that most amateurs used, and eager to 
listen to 250-W test broadcasts from distant Osaka, he built a three- 
vacuum-tube set—but because vacuum tubes were scarce and ex¬ 
pensive, the resourceful 17-year-old fabricated his own. 

He patented the first of his many inventions when he was still 
an engineering student at Waseda University: a ‘‘running neon” 
light in which a high-frequency current modulated the luminous gas 
in the tube so that it seemed to undulate. Around the same time, 
he used a Kerr cell to modulate light in early Japanese ‘ ‘talkies. ’ ’ 
Today he has 104 patents to his credit. 

Then in 1953, he secured from AT&T’s Western Electric Co. a 
license to manufacture the transistor in Japan. This paved the way 
for what he views as his most gratifying innovations: the transistori¬ 
zation of radios, televisions, tape recorders, and videotape record¬ 
ers. ‘‘I recall the satisfaction I felt in initiating, coordinating, and 
managing each of these projects,” he told IEEE Spectrum. Also 
high on his list is his development of the Trinitron color television 
receiver and the Jumbotron large-screen television display. 

Ibuka’s most fruitful periods coincided with two of these develop¬ 
ments. ‘ ‘The first was the time we mass-produced a transistor radio 
in 1955—something that everyone said was impossible,” he said. 
The second was 1961-68, when he was developing the Trinitron 
and its production system. 

He remembers well his struggle with transistorization and his 
single-mindedness. ‘ ‘I paid no heed to negative opinions, ’ ’ he said. 
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JOHN R. PIERCE: 
writing to clarify 

I Iways a tinkerer, John Pierce built machines with a 
I kind of erector set as a child. In high school, he con¬ 
structed a glider (that never did get off the ground). 
And during his decades at AT&T Bell Laboratories, 
I Murray Hill, N.J., he generated a steady stream 
of innovations that affected the fature of photomultipliers, traveling- 
wave tubes, and time-division switching. 

But Pierce’s best inspiration came not from tinkering, but from 
writing. As a scientist with a strong interest in science fiction— 
Pierce has published some 20 short stories under the pseudonym 
J.J. Coupling—he was occasionally invited by various groups to give 
talks on space, showing pictures taken from V2 rockets and 
hypothesizing about the future of human space flight. 

In 1954 the Princeton, N.J., Section of the Institute of Radio En¬ 
gineers (one of the IEEE’s predecessor organizations) asked Pierce 
to speak at an upcoming meeting. But, on sitting down to write his 


Masaru Ibuka talks to a 
visitor to his Early 
Development Association. 


speech. Pierce thought, “I can’t 
give them all this man-in-space 
guff.” 

What he came up with instead 
was an idea for orbital radio relays, 
or communications satellites. “It 
seemed an obvious idea, ’ ’ he told 
IEEE Spectrum. ‘ ‘You put a sat¬ 
ellite up in space to communicate 
by microwaves to some distant 
place.” After thoroughly analyz¬ 
ing this possibility, he was sur¬ 
prised to find out just how simple 
it would be to implement. A sat¬ 
ellite would not need much power; 
in fact, it could be passive and 
merely echo the signals sent. 
(Pierce was unaware that science 
fiction writer Arthur C. Clarke had 
several years earlier conceived of 
a maimed space station that would 
perform communications satellite 
functions.) 

After his talk. Pierce found him¬ 
self more excited about his subject 
than his audience was. He set about persuading his managers at Bell 
Laboratories to pursue launching a communications satellite. At first 
he met with some skepticism, but then Sputnik was launched, mak¬ 
ing Pierce feel like “a writer of murder stories who comes home 
and finds a body in his living room—suddenly, it’s for real.” With 
a change of management at Bell Labs, including managers enthused 
about communications satellites, the project went ahead, resulting 
in Echo, launched in 1960, and Telstar, in 1962. 

Pierce’s other breakthroughs came about in less dramatic ways. 
At the California Institute of Technology in Pasadena—which he en¬ 
tered intending to pursue a career in chemical engineering until he 
discovered he was inept at freshman chemistry—Pierce researched 
sampling oscillographs for his Ph.D. thesis. This work came in handy 
during his early days at Bell Labs, when he collaborated with Wil¬ 
liam Shockley on designing photomultipliers. The pair solved the 
difficult problem of designing electron flow by building a thin rub¬ 
ber trampoline measuring 1 by 1.2 meters, with wooden support 
blocks representing electrodes. Rolling ball bearings on the rubber, 
they would direct them by adjusting the wooden blocks. With this 
model, they could predict the paths of electrons. 

Though the designs for the photomultipliers were a success, they 
did not become a product for AT&T. Intended for use in movie sound 
tracks, the devices were shelved when the company left that busi¬ 
ness. Today, photomultipliers are used in low-level-radiation-sensing 
applications ranging from astronomy to computerized tomography. 

Continuing his work on electron flow after the photomultiplier 
project ended, Pierce developed a way to converge electron flow 
with his Pierce Gun, a device that generates electron beams, which 
became a key component in traveling-wave tubes and in klystrons. 

Later Pierce designed what he called the double-stream amplifi¬ 
er, one that used two electron streams and no circuits for amplifi¬ 
cation. “It wasn’t good for anything, ’ ’ he said, ‘ ‘but it was a won¬ 
derful idea.” 

For about 10 years, from the mid-1940s until his passion switched 
to satellite communications in the mid-’50s, Pierce worked on 
traveling-wave tubes that are still used in communications satellites. 
This work was done in parallel with British scientist Rudolph Kompf- 
ner. Pierce’s greatest contribution to the technology was to create 
a high-loss, instead of a low-loss, circuit, to solve the problem of 


‘ ‘I just went about my work in earnest. Everyone told me it was 
too eaily to attempt manufacturing a transistor radio, but I went 
ahead anyway. I also started work on developing silicon for use in 
consumer products such as TV receivers, though that kind of re¬ 
search was not even being conducted in the United States.” 

The environment he works in means little to Ibuka, but he does 
prefer to be physically near the team overseeing a project. He com¬ 
municates his vision of a problem to his staff, and he and they work 
together, exploring alternatives, before they decide on the direc¬ 
tion to take to a solution. As the work progresses, he frequently 
reorganizes project teams. 

If he finds that the direction he has chosen is approaching a dead 
end, he simply changes to an alternative direction. This shifting he 
can do easily, he finds, because his target is so clear. “I have had 
countless failures in my career, ’ ’ he said, “but I don’t let that bother 
me. I just forget about the failure and try again. I have never suffered 
from burnout.” 

—George F. Watson 
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instability faced by all traveling-wave tube designs at that time. 

In the early 1960s Pierce moved up the Bell Labs hierarchy, be¬ 
coming less involved in direct research. He still contributed to ad¬ 
vanced technology, though, pushing time-division (or digital) switch¬ 
ing over space-division switching. He also tried to promote the 
concept of digital correspondence, better known now as electronic 
mail, but with the then-current technology, it was not practical and 
the idea languished. 

This was a surprise to Pierce. “I would have predicted the suc¬ 
cess of electronic mail and the digital office long before that of com¬ 
munications satellites, ’ ’ Pierce told Spectrum. ‘ ‘Satellites seemed 
sort of crazy to me—that was space. Electronic mail was practical, 
down-to-ea^. But the technology was ready for space and it wasn’t 
ready for the digital office.” 

At Bell Labs, Pierce kept regular work hours, seldom taking work 
home, although, he said, his ideas about things he was working on 
always absorbed him. Aji only child who was held back a year in 
school because of difficulty socializing with other children. Pierce 
works best alone, but he did enjoy the camaraderie of Bell Labs, 
where experts in everything he needed to know were always anx¬ 
ious to talk about what they were doing. That hobnobbing prevent¬ 
ed Pierce from ever becoming expert at digging information out of 
published scientific literature. 

He also kept in frequent touch with colleagues in Japan. (He 
received the first Japan prize in 1985, an award for technical contri¬ 
butions that the sponsoring Science and Technical Foundation hopes 
will some day equal the Nobel Prizes in prestige.) 

Typically Pierce stays with a technology only until it is well enough 
developed and other researchers and mathematicians have begun 
work in the area; then he moves on. ‘ ‘I’m better at the early stages 
of things, ’ ’ he said. ‘ ‘I’m a low-grade theorist. Or maybe it’s that 
I have a short attention span.” 

When beginning a new research thrust. Pierce attempts a mathe¬ 
matical analysis. ‘‘First I usually can’t remember that part of 
mathematics that I need, so I flub around. Then I get hold of it by 
the wrong handle, so that instead of things getting simpler, they get 
more and more complicated. But as I struggle with it, sometimes 
I’m fortunate enough to see the light, and finally I get an answer. ’ ’ 

The answer may come while he is in bed, waiting for sleep, or 
else while traveling. But insights arrive only for problems he has 
already been worrying about. He never has unconnected flashes 
of inspiration, he told us. 

Part of the process of innovation for Pierce is writing. ‘‘Writing 
technical papers is explaining things to myself, ’ ’ he said, ‘ ‘I’m never 
sure I understand something until I set it down coherently.” 

In 1971, after 35 years at Bell Laboratories, 61-year-old Pierce 
had, it seemed, run out of ideas. ‘‘I didn’t know what I wanted to 
do next, ’ ’ he said. And mandatory retirement at age 65 was looming. 

‘ ‘I don’t know how to do anything except work, ’ ’ Pierce told Spec¬ 
trum. And he likes seeing things exist that would not have been 
around if he not created them. So he began battling against burn¬ 
out and retirement. 

Deciding it was time for a change of scene, he left Bell Labs and 
went back to his alma mater. Cal Tech, as a professor of engineer¬ 
ing. There he taught a course in communications, directed several 
graduate students, and faced the tribulations of raising money for 
research. Being in academia was not an entirely natural role for him, 
he recalls, but nevertheless he remembers the time as an interest¬ 
ing experience. 

Then in 1979 he received the Marconi International Fellowship, 
a grant of US $25 000, which he decided to invest in writing a booL 
The Science of Musical Sound (Scientific American Books, New 
York, 1983) evolved from an interest he picked up at Bell Labs from 
one of his researchers who wrote computer software to generate 
musical sounds. 

He retired from Cal Tech in 1980 to become chief technologist 
at the Jet Propulsion Laboratory in Pasadena, where, he said, ‘‘I 
can’t say I contributed a great dei, but I came to admire [that labora¬ 
tory] tremendously.” Retiring from that job in 1982, he joined 
California’s Stanford University faculty as a visiting professor of 


music emeritus, where he continues to investigate sound at Stan¬ 
ford’s Center for Computer Research in Music and Acoustics. 

Today, Pierce, 81, is pursuing yet another idea that intrigues him. 
A few months ago, listening to a gong being struck by a soft mallet, 
he discovered that, whereas most instruments generate sounds 
whose high frequencies decay first, a gong’s high frequencies in¬ 
crease after it is struck. He began analyzing the problem, discov¬ 
ered that there is a nonlinearity that transfers energy to higher fre¬ 
quencies, and has written a paper on the subject. Recently he also 
discovered how to re-create the phenomenon with vibrating strings. 

‘‘It was a new phenomenon, upsetting somehow,” Pierce told 
Spectrum. ‘ ‘I understand more about it now than when I first heard 
it, ” but not enough, yet, to know where this latest exploration will 
take him. —Tekla S. Perry 



John Pierce conducts an acoustical experiment 
on a vihrating-string instrument. 
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JAMES F. BUNN: 
artist-mathematiclan 

want to have something with my name attached to 
it,” James F. Blinn told IEEE Spectrum. “Every¬ 
body remembers the tool user but nobody remem¬ 
bers the tool builder. Nobody knows who invented 
oil paints, but everybody knows who Picasso is.” 

As associate director of Project Mathematics at the California In¬ 
stitute of Technology in Pasadena, Blinn is currently working as a 
tool user: doing graphic design for computer animation. This job 
enables him to work simultaneously as an artist, educator, mathema¬ 
tician, and scientist. 

Among his successes has been the creation of animation for a 
simulation of the Voyager spacecraft’s flyby of Jupiter and Saturn 
that was widely shown on television. He has also done a video simu¬ 
lation of DNA replication, originated computer animation for Carl 
Sagan’s “Cosmos” television series, and designed a 7V2-hour-long 
animation sequence for “The Mechanical Universe,” a video se¬ 
ries for college physics students. He is now working on a similar 
video for high-school mathematics students. 

Blinn’s earlier work—up to about 10 years ago—was in tool build- 



Jim Blinn prepares for a Caltech 
Wind Ensemble concert. 


ing: inventing techniques for image synthesis. To put textures on 
surfaces, he developed bump mapping. To make surfaces look shiny 
and metallic, he created reflection mapping. These were just two 
of the many methods he developed to simulate how light interacts 
with surfaces. 

When he tackles a design problem, Blinn first examines details, 
then backs up to look at the totality, and then examines the details 
again—going back and forth in an iterative process. By solving some 
concrete details first, he gets a feeling of making progress. 

Flashes of insight and inspiration come at unexpected moments, 
he finds. He recalled one day looking at the fine-grained patterns 
on his leather shoes, then suddenly conceiving an efficient way of 
replicating them on a video screen. He would start with a perfectly 
smooth surface and, to simulate light interaction, slightly perturb 
the surface to make it look as if it had wrinkles. 

Early frustration with real-world constraints may have influenced 
Blinn’s career. As a boy, he was inspired by articles in Popular Elec¬ 
tronics to carry out several electronics projects. But living in a small 
town, he had to order parts by mail. ‘ ‘Six weeks or six months later, 
half would come,” he said. “They’d be back-ordered and I never 
got everything all together. I was always frustrated with doing things 
in the real world with physical components.” 

When he started college, “getting into computers was the ideal 
thing, ’ ’ he said. ‘ ‘You never run out of ADD instructions. It was the 
right balance between theory and practice.” 

By the time Blinn was 25 and in graduate school at the Universi¬ 
ty of Utah in Salt Lake City, he was breaking altogether new ground 
in computer graphics techniques. 

The 42-year-old feels his most prolific period so far was between 
the ages of 35 and 38, when he was involved in “The Mechanical 
Universe” project. There was much to be done, and he had com¬ 
mitted himself to a schedule. His work on the video series also 
pleases him most. He was happiest when doing the section on rela¬ 
tivity. ‘ ‘In college, relativity didn’t make sense to me, ” he told Spec¬ 
trum, ‘ ‘until I found a book. Relativity in Pictures, that had a series 
of cartoons that made sense. Fifteen years later, I was able to do 
animations of them to help relativity make sense to other people. ’ ’ 

Indeed, the desire to explain math and science to others is a major 
motivator for Blinn. ‘ ‘I want to share my enthusiasm, ’ ’ he said. ‘ ‘I 
think math and science are fun. I want to tell people how interest¬ 
ing relativity is, how interesting the Pythagorean theorem is.” 

Blinn does his work in the former master bedroom of a small house 
at the edge of the Caltech campus. He finds it a pleasant 
environment—perhaps too pleasant; he worries that he is not ac¬ 
complishing as much as when he worked in a spartan, warehouse¬ 
like environment at the Jet Propulsion Laboratory in Pasadena. ‘ ‘It 
seems you need some degree of discomfort in order to get work 
done,” he said. 

He usually rises at 11 a.m. and goes to the laboratory to interact 
with people—making phone calls and talking over current projects 
with co-workers. He goes out for dinner, then returns at night to 
do his “real work,” for which he needs two things: solitude and 
silence. The work continues until he feels tired enough to go home. 

While working, he snacks. ‘ ‘Mostly caffeine and sugar, pretzels, 
peanuts, com chips, and lots of Coca-Cola, ’ ’ said the tall, slim Blinn, 
who is concerned that such treats could affect his productivity. 

‘ ‘Maybe that’s why I’m not getting as much done as I ought to. What 
you eat affects your digestion, which affects how much blood is left 
in your brain, I suppose.” 

Outside the laboratory, Blinn’s big interest is music. He plays the 
trombone in the Caltech Wind Ensemble, a group of about 50 that 
gives several public performances every year. 

Applause also accompanies his work. He welcomes it because 
it helps him obtain funding to produce educational video. “I make 
films that I would like to have seen when I was a kid,” he said. 

As for his own mentors, no one person was a major influence in 
his career, although he learned from many people, including his 
mother and stepfather, who were art teachers. Mostly, though, he 
learned by reading books and “tinkering” on his own. 

—George F Watson 
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Jun-ichi Nishizawa ’s static induction transistors power the sound system in his study. 


mAcmnmmm: 

maverick in Japan 


cademic circles in Japan reacted with dismay when 
Jun-ichi Nishizawa proposed radical new semicon¬ 
ductor devices. Though the inventions included the 
semiconductor injection laser, almost no one in Japan 
recognized their potential at the time, and Nishizawa, 
a professor at Tohoku University, spent many frustrating years try¬ 
ing, with limited resources, to demonstrate their value. 

Among those other inventions were the p-i-n diode, ion implan¬ 
tation, p-i-n photodiode, n-p-i-n transistor, avalanche photodiode, 
and static induction transistor—all around 1950—and the n-p-i-n drift 
transistor in 1954. After he applied for patents for semiconductor 
lasers (outside-resonating in 1957, internally resonating in 1960), 
his interests expanded to optical fibers for communication, and in 
1964, he invented the graded-index optical fiber. 

But it was not until 1968 that he at last persuaded university offi¬ 
cials to set up the Semiconductor Research Institute, a quasi¬ 
independent, off-campus laboratory. This was—and still is—an un¬ 
usual arrangement in Japan, but it has paid off. With Nishizawa at 
its helm, the research institute has developed many technologies 
from the university and transferred them to industry. 

The holder of 700 patents that have won for him international 
recognition and numerous awards, Nishizawa is proudest of his ideas 
for optoelectronic devices and optical communications but regrets 
he could not develop them further himself for lack of support. How¬ 
ever, he was able to develop as well as invent the vapor-pressure 
control technique for growing high-quality crystals of stoichiomet¬ 
ric gallium arsenide. With his advice, Sumitomo Electric Co. and 
Mitsubishi Materials Co. have made 10-cm-diameter GaAs wafers— 
the largest yet with acceptably low defect density. 

In power devices, too, he has had the satisfaction of developing 
his ideas for practical applications. Under his direction, the static 
induction transistor’s (SIT’s) potential as a fast, efficient power con¬ 
trol device is being realized. SITs are being used as output transis¬ 


tors in 500-kW commercial radio stations in Hiroshima, Sendai, 
Osaka, and, soon, Tokyo, while Toyota Corp. is using SITs in fork¬ 
lift trucks. 

Nishizawa expects another of his inventions, the silicon induc¬ 
tion thyristor, to be used as an ac-dc converter for high-voltage dc 
(HVDC) power transmission. The device’s 99 percent conversion 
efficiency may allow for 10 000-km HVDC routes and make hydro¬ 
electric power accessible throughout the world, eliminating the need 
for new fossil-fuel and nuclear plants. 

A desire to ‘ ‘improve the living conditions of every human being” 
motivates Nishizawa, he told IEEE Spectrum. At the start of his 
career, he primarily had the interests of his own country at heart, 
however. ‘ ‘We Japanese do not have many natural resources, even 
food, so we should invent and develop new technologies, ’ ’ he said. 

His approach to work is to first examine the general nature and 
dimensions of a problem, then to concentrate on its details one by 
one—both by reading and by experimenting intensely till, with luck, 
a flash of insight leads to a totally new device. 

Nothing illustrates this better than his invention of the p-i-n diode. 
In 1949 Nishizawa was struggling to understand the transistor. He 
started with semiconductor diodes, however, because they were 
more fundamental. For a year, he tried in vain to reproduce the 
phenomena reported by Nevil F. Mott in England and Walter 
Schottky in Germany. So he struck out on his own, hoping perhaps 
to improve diode rectification in the process. 

‘ ‘I spent mornings in the library reading recent papers and after¬ 
noons in the laboratory experimenting,” he recalled. ‘‘Evenings 
I spent analyzing the results, thinking, and reading fundamental 
books.” In so doing, he found a paper by W.P. Jouse that suggest¬ 
ed inserting an insulating layer between a diode’s metal and semi¬ 
conductor layers. Nishizawa built this structure and found that it 
did indeed rectify. On reflection, he determined why: it was based 
on accelerated carriers in a semiconductor. ‘‘Today the principle 
is called ‘hot electron’ theory, ’ ’ he said. ‘ ‘The carriers are able to 
jump into the insulating film and make it conductive.” 

Nishizawa did riot stop there. He continued thinking and ex¬ 
perimenting until he found the ideal material for the insulating film. 
That proved to be the semiconductor material itself—a layer with 
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few impurities, that is, an intrinsic layer. If an intrinsic layer were 
sandwiched between layers of p-type and n-type material, it would 
yield a p-i-n diode, which would be fairly easy to build, resist higher 
voltages, and have higher efficiency than a pn diode did. 

But farther than that, Nishizawa could not go. He pleaded with 
university officials and industry managers for help in building an oper¬ 
ational p-i-n diode, if only on a laboratory scale. He failed, and to 
his chagrin heard that Robert Hall of General Electric Co. in 
Schenectady, N.Y., had demonstrated a p-i-n diode several weeks 
after Nishizawa’s patent application. Undeterred, he switched to 
other projects and has not stopped since. 

Bom in 1926, he is the second of five children. He remembers 
being a ‘ ‘mischievous’ ’ boy who made strange, inept ships and air¬ 
craft from wood. As a college major, fundamental physics or 
mathematics appealed to him, but because of his poor test scores 
in those subjects, his father discouraged him. Instead, Nishizawa 
told Spectrum, he studied electrical engineering at Tohoku. While 
in high school, he joined the chemistry club, despite disliking the 
field for ‘ ‘the large amount of knowledge’ ’ it required. But he rea¬ 
soned that it could lead to future work in physics—as indeed it did. 

Nishizawa’s family has strong ties to Tohoku University. His fa¬ 
ther, now 99, was dean of the Faculty of Technology from 1945 to 
1951. (His mother died in 1949.) A younger brother is a professor 
of metallurgy at Tohoku. 

His most productive years? Nishizawa believes these were at ages 
23 to 28, when his mind was fresh; 30 to 35, because he had im¬ 
proved his base of scientific knowledge; and 40 to 45, because of 
insights acquired into engineering. 

While working, he demands quiet and solitude. Evening, he finds, 
is the time he is most effective, so he does not eat dinner until 11 
p.m. “I like to be hungry when I am working to keep my head 
clear,” he said. ‘‘Before noon I am a heavy coffee drinker. When 
I was younger than 45,1 drank coffee even at midnight. But no al¬ 
cohol.” Ideas usually announce themselves when he is working 
around the house on a Sunday, cutting cord wood, for example. 

For the future, said Nishizawa, ‘ ‘I still have many things to solve. 
My life is too short.” For society, he is eager to find ways of ob¬ 
taining energy without increasing carbon dioxide emission. His static 
induction thyristor may well advance this cause. 

—George F. Watson 


CHARLES H. TOWNES: 
masers, lasers, ami more 

B n just 15 minutes in the spring of 1951, Charles 
Townes created the basic design for the maser. He 
scribbled his calculations on a scrap of paper, and put 
the scrap in his pocket, all the while sitting on a park 
bench in Washington, D.C., admiring a garden of 
azaleas. (He was slower inventing the laser, whose gestation last¬ 
ed nine months.) 

Townes was sure his maser design would work—he had spent 
five years struggling with ideas for producing extremely short radio 
waves for spectroscopic use. But outstanding scientists initially in¬ 
sisted his theory was wrong, he said, including Niels Bohr and John 
von Neumann. A few colleagues misinterpreted the application of 
the uncertainty principle; others simply doubted the scheme’s tech¬ 
nical feasibility. 

Such opposition might have stalled a less confident researcher, 
but Townes said, ‘‘I didn’t find it upsetting at all.” ‘‘I don’t mind 
people telling me that I’m wrong, ’ ’ he remarked on another occa¬ 
sion. ‘‘I have to try to examine for myself what is right.” 

The implementation of the maser would not be easy, he did grant 
that. It was fall before he, as a professor at Columbia University, 
New York City, finally found a graduate student he thought could 
handle it and was interested in the gamble—James Gordon. Later 
a bright young postdoctoral fellow, Herbert Zeiger, joined the pro¬ 
ject. Even then, after 2V2 years of work, he recalled, the past and 
present physics department chairmen came to his office and said. 


in effect, ‘ ‘Look, you know this isn’t going to work, both of us know 
it’s not going to work, you’re wasting money and should stop.” 

Townes disagreed, and the two left him alone (the job took three 
more months). The maser quickly found uses as a very precise os¬ 
cillator and clock and also as an amplifier of microwaves more sen¬ 
sitive than any previously known. 

‘‘Disagreement is often important in the scientific process and 
calls for self-examination, ’ ’ Townes told IEEE Spectrum, ‘ ‘ but it 
doesn’t usually disturb me, although in a few cases I remember it 
being a nuisance.” 

He credits his parents with his capacity for being comfortable with 
unpopular views. They had a strong religious orientation, he said, 
and were quite ready to adopt a different position from the rest of 
society. ‘ ‘They didn’t speak out against people who disagreed with 
them, but simply tried to consider what was right or wrong, and 
it was very clear that they expected us to be different when neces¬ 
sary,” he told us. 

Townes’s work on the maser led to the laser—after a sabbatical 
in Europe and Japan and a few years researching the ammonia beam 
and solid-state masers. With masers operating in the 1-2-cm wave¬ 
length region, Townes wanted a device that would generate still 
shorter waves. 

For some time in the mid-1950s, he waited for inspiration, but 
when it did not strike again, he decided to sweat out a reasonable 
way to reach his goal. After wrestling with the pertinent equations, 
he realized that it would be practical to abandon the pursuit of in¬ 
crementally shorter wavelengths in favor of much shorter 
wavelengths—even the visible light range—where much more was 
already known. 

About nine months’ work with his brother-in-law, Arthur 
Schawlow, a Bell Laboratories researcher, completed the theory 
and design for the laser. Townes then started lab work with a stu¬ 
dent, but bowed out upon being appointed director of research for 
the Institute for Defense Analyses in Washington, D.C., a position 
he felt conscience-bound to accept. Townes received a 1964 Nobel 
Prize for his efforts and Schawlow a 1981 Nobel for closely associated 
work. 

The maser and laser were by no means the sole focus of Townes’s 
career. In fact, he has been loath to stay in any specialty for long. 

‘ ‘Once a field is well established, I don’t feel the need to do it any 
more, ’ ’ he told Spectrum. ‘ ‘It’s just not as interesting to me to run 
with a crowd. It’s more useful and much more fun to open up a new 
field.” 

This was a trait of his from childhood on. His earliest scientific 
interest was natural history. As children in Greenville, S.C., he and 
his older brother would catch insects and animals and collect leaves 
and rocks, classifying and displaying them carefully. But while he 
thought about studying biology in college, his brother ‘ ‘was so good 
at it I decided I shouldn’t try to compete.” 

Anyway, as a 16-year-old freshman at Furman University in 
Greenville, S.C., he discovered mathematics and, next year, phys¬ 
ics. Though he made the latter his specialty, because it had more 
to do with the real world than mathematics, physics was not a stan¬ 
dard major at Furman, and by his last year Townes was teaching 
himself from a textbook. As a graduate student, he became involved 
in nuclear physics at Duke University, Durham, N.C., in 1936 and 
then at the California Institute of Technology in Pasadena until 1939. 
For his graduate thesis, he measured the spins of atomic nuclei. 
He had hoped for a postdoctoral fellowship at a top university, but 
Bell Laboratories made him his only offer. 

Accepting, for a year he dipped into basic research areas before 
being assigned to radar navigation and bombing system design for 
the war effort. It was this work that suggested to him that micro- 
waves could be used for high-resolution spectroscopy—a wholly 
novel idea that he began exploring in 1946, publishing papers and 
receiving several patents on the use of molecules for electronics. 

His move from Bell Labs to Columbia University in 1948 did not 
affect his research. ‘‘I finally closed the book on microwave spec¬ 
troscopy in 1955 by writing a book on it,” Townes punned to us. 

‘ ‘We had explored most of the physics, the field had developed, and 


32 


IEEE SPECTRUM DECEMBER 












Charles Townes talks about his current interest, infrared spatial interferometry. 


it was time for me to move on and do something else.” 

The something else was masers and lasers, interrupted by the 
two-year stint in Washington. Next Townes moved on to the Mas¬ 
sachusetts Institute of Technology (MIT) in Cambridge. He did some 
research, but as provost was mainly an administrator. 

Meanwhile, lasers had become a hot subject, one he felt no longer 
needed him, though he was impressed by the rate of their develop¬ 
ment. “I knew from the beginning that it was going to be impor¬ 
tant, because it married the fields of optics and electronics,” he 
said, ‘ ‘though some people kidded me that the laser was an idea 
looking for an application.” 

In short, it was time for another change—to radio and infrared 
astronomy. At several other points Townes had eyed the field, but 
more pressing interests had intervened. ‘‘I felt that astronomers 
were missing good bets by neglecting to look for stable molecules 
in interstellar regions and in not fully using new technologies to work 
in the infrared and microwave regions,” he told Spectrum. 

He had in fact predicted the molecules’ existence in a 1955 paper 
written during his sabbatical. But apart from his brief studies then, 
he knew little about astronomy. So, stepping down as an adminis¬ 
trator at MIT, he spent a year studying the subject, largely at neigh¬ 
boring Harvard. Then in 1967 he moved to the University of Califor¬ 
nia at Berkeley, to teach physics and begin what became an extensive 
program of experimental research in astronomy. 

One of his first efforts was to look for those stable molecules 
in space. With other colleagues at Berkeley he found ammonia and 
then water, which, to his surprise and delight, was producing power¬ 
ful natural masers in space. This work demonstrated for the first 
time the presence of dense molecular clouds—another field Townes 
left when it rapidly turned popular. 

He turned to mid- and far-infrared spectroscopy, particularly of 
the galactic center. There measurements by Townes and colleagues 
have shown the presence of a very massive object, presumably a 
black hole. Most recently, he has switched to infrared spatial inter¬ 
ferometry with the goal of obtaining angular resolution on astro¬ 
nomical objects one or two orders of magnitude higher than has been 


previously possible at infrared wavelengths. ‘ ‘It is a tough thing to 
do, but I think quite important,” Townes said. ‘‘In the long run it 
could open up a very exciting field.” 

All these changes of direction have kept Townes fresh despite 
long hours. (He works many nights and most Saturdays.) He finds 
it stimulating, too, to exchange ideas with other researchers. He 
developed the maser, for example, he said, in a laboratory where 
others were working on molecular beams. Also, several weeks be¬ 
fore his sudden insight, he had heard a German researcher give a 
talk on high-intensity molecular beams, and he had recently read 
a seemingly unrelated paper on negative temperatures. 

He has held burnout at bay, Townes believes, with a rule he has 
kept throughout his career: he does not even think about physics 
on Sundays. ‘ ‘Whenever I start, I tell myself, ‘wait a minute, worry 
about that tomorrow,’ ” Townes said. ‘‘Taking a complete break 
like that keeps me refreshed.” During those hours, he dabbles in 
a variety of hobbies, from hiking to scuba diving, none of which, 
he said, he takes seriously. 

“Physics,” admits the 76-year-old scientist, “is my only per¬ 
manent hobby.” —Tekla S. Perry 


JOHN COCKE: 
vision with enthusiasm 

I urnout has never bothered John Cocke, the inven- 
I tor of reduced-instruction-set computer (RISC) 
I technology. His interest in all parts of the computer 
I business and his ability to “always find something 
I a little different’ ’ to engage his attention have led to 
some 22 patents. Besides those for RISC technology, his patents 
cover logic simulation, coding theory, and compiler optimization. 

Inventing is something Cocke does with great enthusiasm. A self¬ 
motivator, he does not feel acceptance or acclaim are important for 
motivation. In fact, he enjoys discovering his mistakes because ‘ ‘that 
is when you learn something. ’ ’ But he recalls no major failures in 
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John Cocke with the 801 minicomputer system, a 
RISC research prototype completed in 1980. 


his career. 

Cocke’s approach to solving problems is not guided by rules or 
any particular philosophy. He feels that solutions come through con¬ 
tinuous work and does not remember ever having had dramatic flash¬ 
es of inspiration. Claiming that he is clumsy at using a keyboard or 
a mouse, he prefers a pencil and paper or a blackboard. He also 
told IEEE Spectrum that he is more diagram- than word-oriented. 

His most productive period, Cocke feels, was when he was about 
35 and ‘ ‘wildly interested in computers. ’ ’ At that time, he had the 
opportunity to work in the laboratories of IBM Corp. with such lu¬ 
minaries as Frederick P. Brooks Jr., now Kenan Professor of Com¬ 
puter Science at the University of North Carolina, Chapel Hill. Cocke 
describes those days of freedom in thinking, when there were few 
known procedures at IBM, as energizing, but, ever self-effacing, 
said he was ‘ ‘just there to learn. ’ ’ 

Cocke’s keen intellect is combined with an avid curiosity and an 
ability to totally immerse himself in a technical challenge, accord¬ 
ing to colleagues. ‘ ‘The smartest man I ever met, ’ ’ said Joel S. Bim- 
baum, vice president and general manager of the information ar¬ 
chitecture group at Hewlett-Packard Co., who was once interviewed 
for a job by Cocke at IBM and subsequently worked there. Lewis 
M. Branscomb, director of science technology and public policy at 
Harvard University, Cambridge, Mass., and a former IBM chief 
scientist, describes Cocke as “one of the very few people I know 


whose IQ is higher than his blood cholesterol level.’’ 

Cocke’s interest in inventing was sparked at an early age by an 
uncle’s comment that you could catch a bird by putting salt on its 
tail. But his attempts to develop an effective salt sprayer failed. He 
also experimented early on with a device to wash windows. This 
invention worked. By moving an electromagnet on the inside of a 
window, he was able to cause a piece of iron attached to a cloth to 
move in tandem on the outside. Another of his first experiences 
with ‘ ‘inventing’ ’ was a hydraulic pipe wrench. Its jaws were opened 
and closed by pressing a button each time. But he discovered that 
such a wrench had already been patented in 1890. 

Bom May 25,1925, in Charlotte, N.C., Cocke was the youngest 
of three sons. His father was chairman of the board of a local power 
company. Because Cocke was not a good student in grammar school, 
his mother had to have him tutored. When he got to high school, 
he did a little better by studying general science and physics, courses 
he took to avoid taking Latin, a subject he considered “too diffi¬ 
cult. ’ ’ The mathematics he felt he coidd handle without a lot of study, 
he told Spectrum. 

He fared even better at Duke University, Durham, N.C., where 
he received a bachelor’s degree in mechanical engineering in 1946. 
His courses in engineering and physics were selected because ‘ ‘they 
were easier’ ’ than art courses, which he felt would have been ‘ ‘too 
difficult memorizing hundreds of paintings and painters.’’ 

As a student at Duke, he had been in the U.S. Navy’s V-12 pro¬ 
gram and was called back into the Navy in 1952. In the interval from 
1946 to 1952, he held several jobs, including one with a heating and 
air-conditioning company and another with General Electric Co.’s 
high-voltage laboratories. 

Cocke returned to Duke in 1954. While there, he took a summer 
job at Patrick Air Force Base in Florida, where he designed a Monte 
Carlo program to determine the optimum number of aircraft required 
for delivering supplies to the Bahamas. After receiving a doctorate 
in mathematics from Duke, he joined IBM in 1956. The decision 
to go with IBM at that time, he said, was a lucky one: it put him 
where the action was in computer development. 

Over the years his work habits have changed. When he was youn¬ 
ger, he arrived at work late and stayed late, principally to have ac¬ 
cess to a computer, a scarce resource in those days. He often stayed 
up all night, he said, so satisfying was it to get a lot done. Now, be¬ 
cause he needs ‘ ‘to sleep at night, ’ ’ his work hours are more routine. 

In his younger years, too, Cocke used to ski, play golf, and unicy¬ 
cle. He has never been a game-playing type, he told us. He prefers, 
for example, to speculate on how to build a chess-playing machine, 
rather than to play chess itself. 

Cocke’s successes have been recognized at the highest levels. 
In September President Bush named him a recipient of the 1991 
National Medal of Technology ‘ ‘for his development and implemen¬ 
tation of Reduced Instruction Set Computer (RISC) arcWtecture 
that significantly increased the speed and efficiency of computers, 
thereby enhancing U.S. technological competitiveness.’’ 

In 1987 Cocke received the Turing Award from the Association 
for Computing Machinery—the group’s highest honor—for techni¬ 
cal contributions in computing. In 1990 he was the first to receive 
the US $100 000 IBM John E. Bertram Award for sustained tech¬ 
nical excellence. In making the award, IBM chairman John F. Akers 
said, ‘ ‘John has that rare ability to understand and synthesize both 
hardware and software concepts, optimize the design of both, and 
produce a unique synergy.” 

Last year a group of Cocke’s colleagues held an all-day symposi¬ 
um celebrating his 35th year with IBM. Some attendees also par¬ 
ticipated in a videotape, ‘ ‘John Cocke: a retrospective by friends. ’ ’ 
On the tape, Abraham Peled, now IBM’s Research Division vice 
president and director of computer sciences, remembered being 
interviewed by Cocke. ‘ ‘John asked what my thesis topic was, ’ ’ he 
said. “After I had talked for about 5 minutes on the topic—digital 
signal processing—he went to the blackboard and more or less wrote 
out a major part of my thesis. It was a rude awakening.” 

In reflecting on his career, Cocke is self-critical. ‘ ‘Things have 
always taken too long,” he told us. —Ronald K. Jurgen 
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(Continued from p. 24) 

is when you leam something. ’ ’ But to admit 
one is wrong or does not know is not easy, 
especially in expert high-technology cultures 
where status depends on never having to 
say, “I don’t understand.” Amo Penzias, 
vice president of research for AT&T Bell 
Laboratories, once told me that one of the 
major drags on innovation at the labs was the 
reluctance to admit ignorance. 

Any analysis of the psychology of innova¬ 
tors must focus not only on cognitive style, 
but also on character. The iimovator is con¬ 
fident he can solve a problem if he sticks to 
it. Thomas Edison is said to have stated that 
genius is 1 percent inspiration and 99 per¬ 
cent perspiration. What this leaves out is the 
courage to innovate, to invest one’s time in 
an idea and affirm it against resistance. It is 
not necessarily the case that if one invents 
a better mousetrap, the world will beat a 
path to your door. Even IBM Corp. took 10 
years to adopt the reduced-instmction-set 
computer (RISC). 

Not only are new ideas doubted, but also 
they threaten those who profit from older 
ideas. Carver Mead spoke about ‘ ‘the huge 
amount of negativism’ ’ he has experienced. 
‘ ‘Looking back, ’ ’ he said, ‘ ‘it was clear that 
in that case the reason there was negativ¬ 
ism was that people did not want systems 
designers designing silicon, because it was 
an entrenched industry with a vested in¬ 
terest. ... I had known the early semicon¬ 
ductor industries. They were the most in¬ 
novative places that I had ever been. What 
I had not realized was that they had aged and 
had gotten entrenched, and they had a vest¬ 
ed interest now. Whereas when I knew 
them, they were trying to break in, now they 
were entrenched and they didn’t want any¬ 
one breaking in on them.” 

Mead recognizes that there are winners 
and losers in the market. To realize his in¬ 
novations, he must participate in the world 
of business, facilitate the market forces that 
ultimately determine the winners. 

What motivates the innovators? Recogni¬ 
tion is enjoyed, but it is not the main drive. 
As Ibuka summed it up, ‘‘I invent because 
making new things provides one of the big¬ 
gest joys of my life . . . .” Pierce said, ‘‘I 
do like to see things that wouldn’t be there 
without me.” As we see from the inter¬ 
views, the drive to innovate is complex. It 
includes curiosity, challenge, and a spirit of 
disciplined play. Innovation gains meaning in 
its significance to human progress. But I sus¬ 
pect that, even more, the innovators’ satis¬ 
faction is in understanding and creating. 

I believe the iimovators provide clues for 
developing people who are more innovative. 
It seems to me a matter of three elements: 
cognitive style, character, and supportive 
environment. Iimovators behave as they do 
out of a sense of freedom. Yet they can work 
harder, concentrate more intensely, than if 
they had been forced to work at a task set 
by someone else. 

This sense of freedom is rooted in their 


independent spirit and courage. I have the 
sense that, in general, they were not disci¬ 
ples of mentors, but rather used good 
teachers. 'Their goal was not to become good 
students, but rather to become masters. 
However, this independence has been but¬ 
tressed by a sense of security that perhaps 
was nurtured in childhood, but was certain¬ 
ly affirmed by supportive institutions. Hav¬ 
ing tenure at a university or its equivalent 
at Bell Labs, IBM, or Sony Corp. makes a 
big difference, particularly to an innovator 
who is not trying to please the powers that 
be and in fact may threaten them. 

There are two ways to think about moti¬ 
vation. One is extrinsic motivation, which 
has to do with control, getting people to 
do something they may not want to do. The 
theories of psychologist B. F. Skinner de¬ 
scribe how the use of rewards, or ‘ ‘positive 
reinforcement, ’ ’ increases the probability of 
occurrence of a behavior. What proponents 
of this theory leave out is that Skinner 
obtained his results by first starving his 
subjects, rats and pigeons, and doling out 
pellets of food when the ‘ ‘correct behavior’ ’ 
occurred. 

Skinner’s approach may generate compli¬ 
ance but not innovation. In the 1950s, an¬ 
other psychologist, Harry Harlow, showed 
another kind of motivation: that monkeys 
learned to solve problems that appear to be 
interesting challenges. When they were sub¬ 
sequently rewarded with bananas for solv¬ 
ing a problem, such as opening the lock on 
a door, their performance deteriorated. At 
the least, Harlow was showing that fully fed 
and secure animals are intrinsically motivat¬ 
ed to solve problems. There is no need for 
other incentives. Rewards may have con¬ 
fused them. Rather than pursuing the enjoy¬ 
able task of problem-solving, where they 
were in control, they were thrust into work¬ 
ing for bananas, over which they had no con¬ 
trol. And so it is with human beings. 

While these interviews suggest ways to 
strengthen the innovative spirit in organiza¬ 
tions, the first question is: who wants more 
innovators? On the one hand, innovation 
drives progress and creates wealth. On the 
other, innovators threaten the status quo. I 
was once with the chief executive officer of 
a large company who was asked, ‘‘How 
many real innovators do you have in your 
company?” ‘ ‘I don’t know, ’ ’ he answered. 
‘ ‘But I’d like to know who they are, so that 
I can keep my eye on them.” Innovators 
pursue projects that may or may not be use¬ 
ful to a company and may tie up resources 
that could be employed elsewhere. 

In great corporations, innovation must be 
managed. The trick is to recognize and sup¬ 
port the exceptional person who sets his own 
problems wMe providing the others with a 
framework for innovative problem-solving. 
Although not everyone has a systems mind, 
good management can teach people how to 
see the organization as a system with goals. 
Everyone can leam the logic of business 
strategy and the need for organization that 


supports this strategy. Everyone can be en¬ 
gaged in continuous improvement. 

Some Japanese companies, with the help 
of quality control pioneer W. Edwards Dem- 
ing and other gums, have understood this 
better than most Americans. When I visit¬ 
ed Toyota Corp. in Nagoya, I was shown long 
lists of ideas for improvement suggested by 
front-line workers. I asked how many ideas 
each worker offered on the average. 'The an¬ 
swer: 47, of which 80 percent were adopt¬ 
ed. That seemed impossible, almost an idea 
a week from each worker. A Toyota manag¬ 
er responded. ‘ ‘I have visited your facto¬ 
ries,” he said, ‘‘and you have a different 
view from ours. You are pleased when there 
are no complaints from tiie workers, but for 
us, each complaint is a potential idea, and 
an opportunity for improvement.” 

The improvement of quality, according to 
Deming, is a combination of innovation and 
incremental improvements in product and 
process. These create new value by satis¬ 
fying needs, generating new tools, lowering 
costs, and enhancing human life. The com¬ 
panies that succeed in the markets of the 
1990s will be those best able to make use 
of innovation, and to continuously improve 
quality by balancing discipline and freedom, 
setting clear goals and high standards, and 
offering opportunities for innovation—work 
and play. 
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IEEE’s Posix: making progress 



Seven more standards 
are near completion in 
this cornerstone of the 
international open-system 
software effort 

s the circuit design deadline 
drew near, the pace be¬ 
came more frantic by the 
hour, elevating the project 
leader’s anxiety level and 
his blood pressure. And for 
good reason—all the users 
of DEC workstations, 
where the computer-aided design software 
resided, were out at a seminar. To be sure, 
IBM, Sun, and other workstations were 
available that would have allowed other en¬ 
gineers to complete the job on time. But the 
software? Only a DEC version was obtain¬ 
able in house; in no way could it be ported 
to the IBM or Sun on time to beat the 
deadline—even though the project leader 
had received assurances from the software 
vendor that such versions “were forth¬ 
coming.” 

This scenario is not as fictitious as it might 
seem. It reflects a growing concern among 
engineers as well as other users of soft¬ 
ware with the need for portability and 
interoperability of software. Portabili¬ 
ty refers to the ease with which a soft¬ 
ware system or component can be 
transferred from one hardware or soft¬ 
ware environment to another. In¬ 
teroperability is the ability of two or 
more computer systems and their soft¬ 
ware to exchange information and use 
the information that has been ex¬ 
changed. 

Though the work needed to bring 
about industrywide portability and in¬ 
teroperability is extensive, there is hope. Ef¬ 
forts have been under way for some years 
in the form of the so-called open system 
standards. An important part of that effort 
is the interface standards within the IEEE 
portable operating system interface (Posix) 
environment. (The X in Posix denotes the 
Unix operating system origin of this effort.) 
At least one of these standards—No. 1003.1, 
which covers basic operating system ser¬ 
vices—was adopted last December as Stan¬ 


dard ISO/IEC 9945-1 by the International 
Organization for Standardization (ISO) and 
the International Electrotechnical Commis¬ 
sion (lEC)—both in Geneva, Switzerland. 

Today there are 19 Posbc working groups 
involved in 26 projects. Likely to be com¬ 
pleted within the next 12-18 months are 
standards for such tasks as handling com¬ 
mand language and utilities (Standard 
1003.2), real-time programming (1003.4), 
and controlling access to computer files 
(1003.6). 

The Posix efforts have been supplement¬ 
ed by the IEEE Technical Committee on 
Operating Systems with other projects to 
develop standards for application interfaces 
to services [see table, p. 39]. 

Additional open system standards have 
been developed through the American Na¬ 
tional Standards Institute (ANSI), ISO, and 
other organizations. These focus mainly on 
such specialized aspects as programming 
languages, databases, and communication 
protocols. In contrast, Posk standards cover 
operating system services in general. 

Many of these other specifications have 
been combined with the developing IEEE 
standards to define an open systems environ¬ 
ment using the Posix interface standards as 
the basis. Already products abiding by the 
Posix standards have emerged from vendors. 


In the offing: 
a major new 
industry geared 
to standard software 
components 


D. Richard Kuhn 

National Institute of Standards and Technology 


including such industry leaders as IBM, Digi¬ 
tal Equipment, Sun Microsystems, Apple 
Computers, and AT&T’s N(?R. 

Not only are the open system standards 
within the Posix activity expected to resolve 
the portability and interoperability problems, 
but they are also expected to open the door 
to a major new industry of standard software 
components, or modules. From these com¬ 
ponents, users will be able to build and modi¬ 
fy larger systems to suit their evolving 
needs. Such components will eliminate the 
need to produce several versions of an ap¬ 
plication program to accommodate operat¬ 


ing systems with different file system struc¬ 
tures and network interfaces, making them 
more attractive to software developers. 

Standard components for software have 
been advocated for at least two decades, but 
until recently only limited versions of such 
components—mathematical subroutine 
libraries, for example—have been available. 

Barriers to more complex components 
have been both technical and economic. 
Though such modem programming lan¬ 
guages as C-t-H-, Objective C (an object- 
oriented version of C), and Ada are helping 
to solve technical problems associated with 
component development, a software com¬ 
ponent created today in a language such as 
C++ must still use system services that vary. 
They must depend on the operating system, 
database, communication interface, and 
other vendor-specific functions. If a compo¬ 
nent makes extensive use of VMS system 
services, for example, then a different ver¬ 
sion of the component must be created for 
Unix System V. (VMS is a popular operat¬ 
ing system for Digital Equipment Corp.’s 
computers.) 

INTERFACE SPEC. Evolving industrywide 
through a consensus process, open system 
standards will eventually change this situa¬ 
tion. Generally, an open system standard is 
an interface specification to which any ven¬ 
dor can build hardware and software 
products. Posix and related standards, 
however, refer only to software inter¬ 
faces. If a vendor of a proprietary oper¬ 
ating system software abides by an 
open system standard, it will provide 
software with the standard interface. 
This can be used to build portable 
software. 

There are two kinds of portability- 
binary and source-code. Specifications 
for binary portability are designed for 
object code—a fully compiled or as¬ 
sembled program that is ready to be 
loaded into the computer. With binary port¬ 
ability, an executable copy of a program can 
be moved from one machine to another. In 
contrast, with source-code portability, a pro¬ 
gram must be recompiled first. 

An example of a de facto standard for bi¬ 
nary portability is the IBM PC machine- 
language instruction set. Executable copies 
of software can run on PC clones from many 
different manufacturers. 

Of the two portabilities, binary portabili¬ 
ty is the more difficult to achieve because 
it puts constraints on the machine architec¬ 
ture and instruction set. Standards efforts. 
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IEEE portable operating system interface (Posix) standards are being used by a programmer 
at the National Institute of Standards and Technology, Gaithersburg, Md., to manipulate 
slices, lines of code that affect the final value of a variable. Highlighted in the leftmost win¬ 
dow are all the lines of the program used in generating the output values of “avg” (average ). 
A slice in the center window shows the variable “std” (standard deviation), with lines from 
the first slice masked. The result shows lines used to compute “std” but not “avg, ” lines 
believed to contain an error. The rightmost window graphically illustrates data flow within 
the slice. Windows and graphics are generated by using the X Window system with a Posix 
operating system interface; data flow and slicing code was written in ANSI C. 


therefore, have concentrated on developing 
interfaces for source code. 

Open system standards for source code 
portability define interfaces available to ap¬ 
plication programs for essential services like 
process control, file and directory access, 
interprocess communication, and graphics. 

Interoperability standards, though neces¬ 
sary, are not sufficient for a complete open 
systems environment. An example of this is 
provided by the X Window System protocol, 
another de facto standard that specifies how 
graphics primitives can be communicated 
between an application program and graph¬ 
ics software running on a workstation. The 
protocol allows, say, an X Window applica¬ 
tion running on an IBM workstation to in¬ 
teract with a user sitting at a Sun worksta¬ 
tion. The interoperability, however, does not 
mean that the source codes on these two 
systems are compatible. Each one may use 
different library fimctions to generate the X 
Window protocols. 

OPEN SYSTEMS ENVIRONMENT. No single stan¬ 
dard provides all the functionality needed in 
a modem computing environment. To pro¬ 
vide portability and interoperability requires 
a comprehensive set of standards. 

The Posix open systems environment 
(OSE) being put together by Working Group 
1003.0 of the IEEE Technical Committee on 
Operating Systems (TCOS) offers a standard 
set of interfaces to information systems’ 
building blocks, covering both portability and 
interoperability standards. 

Not all the specifications in the Posix OSE 
are IEEE Posbc (1003.x) standards. Posbc 
functions serve as a basis, supplemented by 
other applicable open system standards- 
like those under development by the ISO 
and ANSI. 

Two types of standard interfaces are 
specified in the Posix OSE: the application 
program interface (API) and the external en¬ 
vironment interface (EEI) [Fig. 1]. The APIs 
generally are the procedure calls made to the 
application platform—the computer in which 


Defining terms 

Compiler: a computer program that translates com¬ 
puter code in a high-order language (such as For¬ 
tran) into its machine-ianguage equivaient. 
Environment services: services reiated to exter¬ 
nal objects, such as conditions and processes that 
infiuence the behavior of a system. 

Interface: a shared boundary across which infor¬ 
mation is passed. 

Kernel: a software moduie that encapsulates an 
elementary function or functions of a system. 
Language binding: definition of the parameters 
passed and functions to be performed by a sub¬ 
routine call for a specific language (C, maybe). 
Language services: functions provided by 
programming languages (basic mathematical func¬ 
tions, for example). 

Legical naming: services that allow the use of sys¬ 
tem resources by name rather than by hardware ad¬ 
dresses. 

Open system standard: a specification developed 


the application program is running and its 
operating system—for a particular program¬ 
ming language. Through these calls, APIs 
provide source-code portability. 

The external environment refers to exter¬ 
nal entities with which the application plat¬ 
form exchanges information, including the 
human end-user, hard copy documents, and 
physical devices such as video displays, 
disks, printers, and networks. Generally in 
the form of communication protocols, rec¬ 
ord and document formats, display formats. 


in a consensus process, to which any vendor can 
build products. 

Posix standards: a family of open system standards 
developed by the IEEE Technical Committee on Oper¬ 
ating Systems. 

Real-time programming: programming for com¬ 
putation to be performed during an external process, 
so that the computation may be used to respond 
to the process in a timely fashion. 

Software component: a piece of software whose 
interfaces are precisely defined so that programmers 
can use it without knowing its structure. 

Source code: computer instructions and data defi¬ 
nitions expressed in a form suitable for input to an 
assembler, compiler (see above), or other translator. 
Transaction: a data or control element, signal, 
event, or change of state that causes, triggers, or 
initiates an action or a sequence of actions. 
Utility: a software tool designed to perform a fre¬ 
quently used support function. 


and distributed systems services, EEIs, in 
contrast to APIs, provide mainly for inter¬ 
operability. 

FIVE ROLES. Examining details of the Posbc 
OSE application program interfaces is help¬ 
ful in exploring how standards can be used 
in constructing portable software. Based on 
services they provide, four general catego¬ 
ries and a special-purpose category are avail¬ 
able. The general categories cater to sys¬ 
tem, communications, information, and 
human-computer interaction services. A 
typical computing environment will require 
some, but not all, of the standards contained 
in each of these four categories. A fifth 
category—domain services—is provided for 
such special-purpose environments as trans¬ 
action processing. 

System services include both language 
and operating system services. Language 
services are the functions typically provid¬ 
ed by programming languages such as C, 
Fortran, Pascal, and others. Operating sys¬ 
tem services are those used to control the 
resources of a computer system—hard-disk 
storage, printer, and so on. 

In the language service area standard in¬ 
terfaces specify instructions in different 
programming languages—Ada, Basic, C, 
C-n-, and Pascal (for example, the ISO/IEC 
9899 standard for the C language). To make 
other services in the OSE accessible from 
application programs, language bindings 
(subroutine calls in specific languages) are 
needed for one or more of these languages. 


Kuhn—IEEE’s Posix making | 
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[1] The standards being developed under the 
IEEE portable operating system interface 
(Posix) open systems environment effort em¬ 
ploy this reference model. It includes two im¬ 
portant interfaces: an application program in¬ 
terface between the application software and 
platform, and an external environment inter¬ 
face between the platform and such peripher¬ 
al systems as printers and displays. 

The Posix kernel standard (1003.1), origi¬ 
nally defined using C, will soon have Fortran 
(1003.9) and Ada (1003.5) language bindings. 
The most common language for Posix inter¬ 
faces is C, although language-independent 
bindings (generic subroutine calls not tied 
to a specific programming language) are now 
being developed by IEEE Posix working 
groups. 

Among the major categories of operating 
system services in the Posix OSE are pro¬ 
cess management, task management (sus¬ 
pension or resumption of a process, for ex¬ 
ample), and environment services (like 
obtaining a terminal identification or user 
profile). Other services include: process 
communication and synchronization; 
input/output; file management; event, error, 
and exception management (enabling and 
disabling interrupts, for example); time ser¬ 
vices; and memory management. 

Standards in the OSE providing these ser¬ 
vices include Posix shell and utilities 
(1003.2), which provides a command lan¬ 
guage (similar to DOS commands used in 
IBM PC batch files); software tools for such 
common operations as sorting; and real-time 
extensions (1003.4), which handles real-time 
programming features. 

Communications services, including ISO 
Open Systems Interconnection, make com¬ 
munication possible for application programs 
running on networked computers. They in¬ 
clude services for file transfer, namespace 
and directory services, network file access, 
remote procedure calls, protocol-indepen¬ 
dent network access, and data representa¬ 
tion. Both API and EEI functions are includ¬ 
ed in this area. 

The interface to the interoperability func¬ 
tions is through the standard APIs, such as 
the protocol-independent interface (1003.12) 
and the remote procedure call interface 


being developed by ANSI X3T5.5 working 
group. 

Information services include database ser¬ 
vices, which provide the capability to store 
and retrieve data from long-term storage, 
and data interchange services to exchange 
data between systems. 

Database services are the functions as¬ 
sociated with database management sys¬ 
tems. These include: data definition and 
manipulation (the ability to create, update, 
and delete records, fields, or tables); data 
access (the ability to retrieve data based on 
complex search conditions); and data integri¬ 
ty (the locking of data items, transaction con¬ 
trol, and synchronous writes—that is, writ¬ 
ing of data on an external, backup hard-disk 
system synchronously with the writing in the 
main memory). 

Application programs use database ser¬ 
vices extensively, and the APIs in the Posix 
OSE information services area include such 
non-Posix standards as Structured Query 
Language (ISO 9075:1982) and Network 
Data Language (ISO 8907:1987). 

Included in data interchange services are 
data description protocols, character sets, 
and data format protocols. Data description 
protocols provide a standard means of as¬ 
sociating a name with individual data ele¬ 
ments. Data format protocols add attributes 
that describe the physical characteristics of 
the data. Among the standards addressing 
data interchange services is the Standard 


Application programs 


Application programs 


[2] In today’s architecture, the application 
programs operate directly with the designat¬ 
ed operating system and hardware (top). Aim¬ 
ing at total portability and interoperability of 
software, the IEEE Posix open system ar¬ 
chitecture allows three application program in¬ 
terfaces, each with its own possibility for soft¬ 
ware components. The first is specific to an 
organization that uses or designs the software, 
the second relates to industrywide standard 
software components, and the third—open ^- 
tem standard interfaces—is designed to work 
with each of the previous two or directly with 
the application program (bottom). 



Industry standard 
components 



Generalized Markup Language (ISO 8879: 
1986)—again a non-Posix example—useful 
for defining the layout and structure of a 
document. 

The Posix OSE includes national and in¬ 
ternational electronic data interchange stan¬ 
dards being developed for data format 
protocols—like ISO 9735. Other standards 
embraced by Posix in the information ser¬ 
vices category include Computer Graphics 
Metafile (ANSI X3.122-1986), which pro¬ 
vides a standard means for storage and ex¬ 
change of computer graphics. 
HUMAN-COMPUTER INTERFACE. Using the 
window and mouse style of interaction 
popularized by the Apple Macintosh, the 
human-computer interaction services in the 
Posix standards provide functions for com¬ 
munication between user and computer. 

Applicable external environment interface 
standards will include the X Window pro¬ 
tocol, which specifies the format and mean¬ 
ing of messages between an application pro¬ 
gram and a display terminal, and human 
factors standards. 

In development in this category is the 
IEEE 1201.2 Drivabihty Recommended 
Practice. It will recommend a set of window 
system behaviors designed to make work¬ 
ing with different systems of this kind as easy 
as driving different makes of automobiles. 

API standards in this area are still being 
defined. Among them is IEEE Standard 
1201.1, a standard intended to be a set of 
window system function calls that can be 
used with any system that provides the ser¬ 
vices to create and manipulate menus, but¬ 
tons, scroll bars, graphics, and other com¬ 
mon features of window-based interfaces. 

It is doubtful that any information-pro- 
cessing system will implement all the stan¬ 
dards included in the Posix open systems en¬ 
vironment. A subset of them, referred to as 
a “profile,” is typically sufficient to meet 
an organization’s requirements. Profiles for 
different types of applications, such as trans¬ 
action processing, real-time programming, 
and supercomputing, are being developed 
within the Posix working groups. 

Such profiles are incorporated in the do¬ 
main services area—the fifth component of 
the Posix open systems environment. Or¬ 
ganizations may also have their own profiles, 
based on their unique needs. For example, 
the National Institute of Standards and Tech¬ 
nology (NIST) has established an applica¬ 
tions portability profile, which some Federal 
agencies have adopted to promote software 
portability within the Government. 

The widespread interest in open systems 
has encouraged strong support from com¬ 
puter and software vendors. Most vendors 
now provide a system compatible with the 
Posix 1003.1—a basic operating system, or 
kernel standard, as well as the other, non- 
Posix completed standards (such as those for 
programming languages). As other Posk 
standards are completed in the near future, 
conforming systems from leading vendors 
should follow. 
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System application 
program interface 
(kernel) 


Complete; became 
ISO Standard 9945.1 
in December 1990 


Shell and utilities 


Command language and utilities that can 
be used in sheil scripts® or command pro¬ 
cedures 


Utilities for time-sharing systems 


Real-time extensions 


Threads extension 


Ada language binding 


1003.1 function calls tor the Ada language 


Security extensions 


System administration 


System management features for such 
tasks as adding users and checking de¬ 
vice status 


Functions for making files on several 
machines appear to reside on a single 
machine 


1003.1 function calls for the Fortran 
language 


Nearing completion 


Communication services independent of 
protocol 


Distributed systems directory functions 


When Posix standards for the open sys- Representative IEEE application program interface standards 

terns environment become available, what 
will be the most effective way of using them 
to achieve applications portability? One ap¬ 
proach is to build components that provide 
services specific to an industry or an in¬ 
dividual organization, resulting in a hierar¬ 
chy of services. These would include gener¬ 
ic system services provided by standards 
such as the Posix kernel, industry-specific 
services provided by components built on 
the system services, and oi;ganization- 
specific services provided by components 
built on the industry-specific and the generic 
system services. 

Application programs for end-users can 
then be built for the application program in¬ 
terfaces provided by the hierarchy of com¬ 
ponents. For example, an organization- 
specific interface might be a specification for 
a function that displays a company logo, 
department name, and time of day on a 
graphics terminal. A software component to 
provide the specified service would use 
operating system functions to obtain the time 
of day, bitmap for the logo, and department 
information from a database. Many of the or¬ 
ganization’s application programs use the 
same service, and the application programs 
may run on many different computers. 

The application programs call these APIs, 
rather thm calling operating system services 
directly. This approach is sometimes used 
today to deal with system dependencies, and 
it will still be necessary when open system 
standards are used. 

It is also possible to specify an API for a 
particular industry. For example, NIST and 
the Interactive Multimedia Association (for¬ 
merly the Interactive Video Industry Associ¬ 
ation), Washington, D.C., are developing an 
API for multimedia services to be used in 
computer-aided training systems. Compo¬ 
nents providing the services specified in the 
API can be built on standard interfaces. Be¬ 
cause they are built using open system stan¬ 
dards, the components can be ported to di¬ 
verse hardware at low cost. 

In application architecture today, the ap¬ 
plication software interfaces with the oper¬ 
ating system and hardware. Open system 
standards introduce three layers that will 
make the portability and interoperability 
possible—organization-specific APIs, indus¬ 
try standard APIs, and an open system stan¬ 
dard interface [Fig. 2]. 

Open system standards are likely to have 
a significant impact on both cost and com¬ 
petition in the computer industry. Software 
products can now be made more efficiently 
because developers can produce a single 
version for the standard programming inter¬ 
face rather than a different version for each 
hardware vendor. 

Also, vendors will be able to compete for 
business that previously was denied to them 
because of users’ dependence on another 
vendor. When all the Posix standards are 
completed, users will be able to buy soft¬ 
ware from different vendors without requir- 


1238.0 

1238.1 


OSI file transfer functions 


ing major conversions of their internally de¬ 
veloped software. Since software products 
will be developed more efficiently for a 
wider range of hardware, software compo¬ 
nents will become more economically 
practical. 

TO PROBE FURTHER. UniForum, the interna¬ 
tional association of Unix systems users, 
publishes a series of booklets entitled 
‘ ‘Pbsk Explored. ’ ’ Contact UniForum, 2901 
Tasman Dr., Suite 201, Santa Clara, Calif. 
95054; 408-986-8840. 

The Posix 1003.1-1990 (kernel) standard 
is available from IEEE Publications, which 
can be reached at 800-272-6657. IEEE Stan¬ 
dard 1003.1-1990 is also referenced as 
ISO/IEC 9945-1:1990. 

The National Institute of Standards and 
Technology Special Publication, “Application 
Portability Profile—APP—the US. Govern¬ 
ment’s Open System Environment Profile 
OSE/1 Version 1.0” (Order No. SN: PB91- 
201004), explains Posix and other open sys¬ 
tem standards. It is available from the Na¬ 
tional Technical Information Service, 5285 
Port Royal Rd., Springfield, Va. 22161; 
703-487-4650. 


‘ ‘The Guide to Posix Open Systems En¬ 
vironment IEEE 1003.0, ’ ’ currently in draft 
form, should be available from the IEEE 
Service Center in 1992. 

The seven-layer, open-systems intercon¬ 
nection model is discussed in detail in 
‘‘Helping computers communicate,’’ IEEE 
Spectrum, March 1986, pp. 61-70. 

ABOUT THE AUTHOR. D. Richard Kuhn is a 
computer scientist at the National Institute 
of Standards and Technology, Gaithers¬ 
burg, Md., where his responsibilities include 
operating system interface standards, formal 
methods, and computer security. He 
received an M.S. in computer science 
from the University of Maryland in College 
Park. ♦ 


The use of specific products and companies as 
examples in this article does not indicate their 
endorsement either by the National Institute of 
Standards and Technology or by the U.S. gov¬ 
ernment. Nor does such use imply that the prod¬ 
ucts named are the best available for the stated 
purpose. 

Unix is a trademark of AT&T Co. VMS is a trade¬ 
mark of Digital Equipment Corp. 
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Thelma Estrin (LF) received the Haraden Pratt Award “for IEEE leadership, strengthening the 
Institute’s technical and professional programs, and her exemplary role in promoting the recognition 
of women in engineering.’’ 

Estrin, professor of computer science at the University of California at Los Angeles (UCLA) and 
a consultant to private industry and government, received B.S., M.S., andPh.D. degrees in electri¬ 
cal engineering from the University of Wisconsin. In 1961 she joined the staff of the Brain Research 
Institute at UCLA, where she developed the first integrated computer-based laboratory for neuro¬ 
scientists. 

From 1975 to 1980 she headed the IEEE Committee on Professional Activities for Women, start¬ 
ing in 1976 a program to push the 5Rs for women: recruitment, retention, retraining, redress of 
grievances, and re-education of the profession. 


Stephen J. Kahne (F) received the Richard M. Emberson Award ‘ ‘for distinguished service leader¬ 
ship in the Institute’s technical and education programs, and for contributions to the field of control 
systems engineering.” 

Kahne, chief scientist. Mitre Corp. ’s Washington (D.C.) Group, earned his BEE at Cornell University, 
Ithaca, N.Y., and M.S. and Ph.D. in electrical engineering from the University of Illinois, Urbana- 
Champaign. As a commissioned officer in the US. Air Force in the early 1960s, he helped found 
the Control and Information Systems Laboratory at the National Aeronautics and Space Administra¬ 
tion’s Electronic Research Center, Cambridge, Mass. 

Kahne has held about 50 volunteer positions in the IEEE, including editor of the IEEE Transac¬ 
tions on Automatic Control, president of the Control Systems Society, and Vice President-Technical 
Activities in 1984 and 1985. 


John C. Doyle, Keith Glover (SM), Bruce A. Francis (F), 
and Pramod P. Khargonekar (SM) received the W.R.G. Baker 
Prize Award for their paper, ‘ ‘State-Space Solutions to Standard 
Ha and H Control Problems, ’ ’ published in the August 1989 issue 
of IEEE Transactions on Automatic Control. 

Doyle is associate professor of electrical engineering at the 
California Institute of Technology in Pasadena. He obtained his 
B.S. and M.S. degrees in electrical engineering from the Mas¬ 
sachusetts Institute of Technology in Cambridge, and the Ph.D. 
in mathematics from the University of California at Berkeley. His 
interests include modeling and control of nonlinear systems. 

Glover is professor of electrical engineering at the University 
of Cambridge in the United Kingdom. He received the B.Sc. de¬ 
gree in engineering fixrm Imperial College in London and the S.M., 
E.E., and Ph.D. degrees fiom the Massachusetts Institute of Tech¬ 
nology. His interests include linear systems and identification. 

Francis, professor of electrical engineering at the University of 
Toronto in Canada, obtained his B.A.Sc. and M.Eng. degrees in 
mechanical engineering and his Ph.D. degree in electrical en¬ 
gineering from the University of Toronto. His current research 
involves analysis and design of computer-controlled systems. 

Khargonekar is professor of electrical engineering at the Univer¬ 
sity of Michigan, Arm Arbor. He received his B. Tech, degree in 
electrical engineering from the Indian Institute of Technology, 
Bombay, and an M.S. degree in mathematics and a Ph.D. degree 
in electrical engineering from the University of Florida in Gaines¬ 
ville. His current interests include robust and optimal control. 
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Tadao Murata (F) received the Donald G. Fink Prize Award for his paper ‘ ‘Petri Nets: Properties, 
Analysis and Applications,” published in the April 1989 issue of the Proceedings of the IEEE. 

Murata is professor of electrical engineering and computer science at the University of Illinois 
in Chicago. He received the M.S. and Ph.D. degrees in electrical engineering from the University 
of Illinois, Urbana-Champaign. 

He initiated the state equation and invariance theory for Petri nets and applied them for deadlock 
detection in Ada programs, fairness problems in concurrent systems, and performance evaluation 
in distributed systems. More recently, he applied Petri nets to modeling and the analysis of logic 
programming and artificial intelligence. 

Currently Murata serves as an editor for the IEEE Transactions on Software Engineering and as 
an associate editor for the foumal of Circuits, Systems and Computers. 


Keshab K. Parhi (M) received the Browder J. Thompson Memorial Prize Award for his paper ‘‘Al¬ 
gorithm Transformation Techniques for Concurrent Processors,” published in the December 1989 
issue of the Proceedings of the IEEE. 

Parhi is assistant professor of electrical engineering at the University of Minnesota in Minneapolis. 
He received the B. Tech. (Honors) degree from the Indian Institute of Technology, Kharagpur, the 
M.S.E.E degree from the University of Pennsylvania in Philadelphia, and the Ph.D. degree from the 
University of California in Berkeley. His research interests include signal and image processing systems. 

He is an associate editor for image processing and very large-scale integration (VLSI) applications 
for the IEEE Transactions on Circuits and Systems. He is also a member of the VLSI systems and 
applications technical committee of the IEEE Circuits and Systems Society and a member of the 
VLSI technical committee of the IEEE Signal Processing and Computer Societies. 




IEEE Engineering Leadership, Corporate Innovation Awards 



Apple Computer Inc., Cupertino, Calif., has won the IEEE Corporate Inno¬ 
vation Recognition ‘‘for the creation and establishment of the broadly success¬ 
ful personal computer.” 

Founded in 1976 in a garage in Cupertino by Stephen G. Wozniak and Steven 
P. Jobs, the company pioneered in the home computer industry. Its first com¬ 
puter, the Apple I, was available only as a kit, but the two computer whizzes 
soon followed it with the technically superior Apple II. Apple then began the 
marketing drive that eventually made its name a household word as it sold some 
5 million Apple II and 3 million Macintosh computers. Armual sales are well over 
US $5 billion. 

On Oct. 15, 1990, the company introduced three new entry-level Macintosh 
personal computers—the Classic, the LC, and the Ilsi—which put much of the 
power of the company’s most advanced computers into its least expensive ones. 
It also continues to supply higher-end modular personal computers—the Ilex, 
the Ilci, and the Ilfx. 


Seymour R. Cray received the IEEE Engineering Leadership Recognition ‘‘for exceptional per¬ 
sonal leadership in the design and construction of the world’s highest performance general-purpose 
supercomputers.” 

Cray is president and founder of Cray Computer Corp., Colorado Springs, Colo. He earned a B.S. 
degree in electrical engineering from the University of Minnesota in Minneapolis. In 1972 he found¬ 
ed Cray Research Inc. to design and build the world’s highest performance general-purpose super¬ 
computers. The result was the CRAY-1 supercomputer, introduced in 1976, and the CRAY-2 super¬ 
computer, introduced in 1985. 

Cray has invented a number of technologies that have been patented by the companies for which 
he has worked. Among the more significant are the CRAY-1 vector register technology, the cooling 
technologies for the CRAY-2 computer, and the CDC 6600 Freon-cooling system. 
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Years on the far Side 

Any fan of Gary Larson’s cerebral humor and 
out-there nerdy kids, bespectacled scien¬ 
tists, and philosophical animals will thrill to 
know that ‘ ‘The Far Side Computer Calen¬ 
dar” is available in software. A typical ex¬ 
ample: two cows sitting on the living room 
sofa with one remarking to another, ‘ ‘There 
goes the telephone again and here we sit 
without opposable thumbs.” 

You can justify its US $69.95 suggested re¬ 
tail price because it is a perpetual calendar 
and full-featured desktop organizer complete 
with an appointment book that has audio 
alarms and the ability to program recurring 
events. But the real reason for getting it is 
that you’re never allowed to forget it’s there. 
You have constant reminders such as a flock 
of surly penguins on an ice floe floating 
across your spreadsheet or a meteorite 
crashing through your engineering analysis. 

Amaze Inc. of Kirkland, Wash., produces 
versions of the calendar in full-color, high- 
resolution animation for both the Macintosh 
and PC-compatible machines. Those with 


older DOS machines take note, though: the 
progam requires Microsoft Windows 3.0 or 
higher, plus a hard disk. 

Why id Gary Larson go on computer? 
Among other reasons, he noted, ‘‘the 
Amaze people themselves seemed to have an 
uncanny resemblance to some of the charac¬ 
ters I draw. I was convinced this was a ‘mar 
riage’ of destiny.” Contact: Amaze Inc. 
11810115th Ave. N.E., Kirkland, Wash 
98034-6923; 206-820-7007; fax, 206-823 
0568; or circle 104. 


Music of the spheres on record 

Lovers of offbeat music might enjoy listen¬ 
ing to radio signals emanating from space 
that have been intentionally shifted here on 
earth into the audio range. Originally, as¬ 
tronomer Fiorella Terenzi thought the shift 
might help her in her research in acoustic 
astronomy. But then the possibility of using 
it commercially reared its head. Now her 
sounds—from radio galaxy UGC 6697, which 


is 1.7 quadrillion kilometers (180 million light 
years) away from earth, are available on au¬ 
diocassette tape and compact disc as ‘ ‘Music 
from the Galaxies.” 

Radio signals from UGC 6697 emanating 
at 0.6,1.4, and 5 GHz, and spec¬ 
tral and other data were col¬ 
lected by telescopes in N 



The picture on the compact-disc cover shows 
Fiorella Terenzi during a performance of 
galactic music. The cassette tape cover illus¬ 
trates radio telescopes collecting data from 


□ UNDERSTANDING LASERS 
An Entry-Level Guide 

by Jeff Hecnt, Sr. Contributing Editor, Laser 
and Optronics Magazine 
This introductory guide explains how lasers 
wark and haw they are used in the real world 
of medicine, telephones, compad discs, and 
supermarket checkout lanes. Written for stu¬ 
dents, hobbyists, and the just plain curinus 
this authoritative text is clear, succind, and 
amply illustrated - an ideal toal and a valu¬ 
able reference for technical — 
and nontechnical readers 


Available November 1991 
ISBN0-87942-298-X 
Order#PP02931-PNE 448pp 
Softcover 

IEEE Member Price: $20.00 
List Price: $24.95 
“This is the IEEE edition of a book 
previously published by Howard 
W. Sams ond Compony under 
the title: Understanding Lasers. 




from the IEEE Press 


November 1991 ISBN 0-87942-277 
Order#PC02717-PNE 656pp 

IEEE Member Price: $60.00 
Ust Price: $79.95 




□ CONTEMPORARY 

CRYPTOLOGY 

The Sdence of Information 


Written by those at the very forefront of the 
field. Contemporary Cryptology covers 
all aspects of the science of inlormation integ¬ 
rity - from the simplest concepts to the latest 
research. It provides a practical guide ta the 
algarithms, protocols, applications, and es- 


by Whithnm D. Reeve, Reeve 
Consulting Engineers 
This practical telecammunica- 
tians handbook provides the 
latest techniques in designing, maintaining 
and using subscriber loops in both public and 
private networks. 

November 1991 ISBN 0-87942-274-2 
Order #PC02683-PNE Approx. 336pp 
IEEEMemberPrice:$47.S0listPrice:$59.95 

□ MODERN POWER 
ELECTRONICS 

Evolution, Teehnology, and 
Applications 

edited by B.K. Bose, University of Tennessee, 
Knoxville 

This up-to-date and autharitative survey of 


current power electronics technology and 
energy saving applications focuses on power 
semiconductor devices, AC-DC converters, AC- 
AC converters, DC-DC converters, DC-AC con¬ 
verters, PWM methods, and converter appli¬ 
cations. 

Available December 1991 
ISBN 0-87942-282-3 
Order im:02766-PNE Approx. 640pp 
IEEE Member Price: $55.00 list Price: $69.95 

□ COMPUTATIONAL 
ELECTROMAGNETICS 
frequency-Domain Method 
of Moments 

edited by Edmund K. Miller, Los Alamos Nationqj 


_ _; and Edward 

Ohio State Unhf^ 

A practical guide to moment-method EM 
modeling, umputationd Electromog- 
netics delivers concrete information from 
the world's foremost experts on frequency- 
domain and integral-equation models and 
demonstrates their practical application for 
analysts, designers, ond experimentalists. 
November 1991 ISBN 0-87942-276-9 
Order #PC02709-PNE Approx. S28pp 
IEEEMemherPrice:$55.00ListPrice:$69.95 


All titles are hardcover and are available now| 

except where noted. 

FOR SERVICE^CALL TOLL-FREE: 

1-800-6>8-IEEE 

Outside the USA: (908)981-0060 
Or FAX: (908) 981-9667 

Or to order by mail pleose write to: 

IEEE 

Customer Service Department 
445 Hoes Lane 
P.O. Box 1331 
Rscataway,NJ 08855-1331 


Member orders will be billed at the member price 
plus hondling. Nonmembers must ottocb compony 
purchase order. All orders subject to credit op- 
provol. NY, NJ, CA, & DC residents will be billed 
appropriate sales tax. Handling charges ore os 
follows: For orders up to $50.00, $4.00; $50.01 
to$75.00,$5.00;$75.01to$100.00,$6.00;$101.00 
to $200.00, $0.00; over $200.00, $15.00. 


r Hie Institute of Electrical and 
Electronics Engineers, Inc. 
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Mexico and Arizona in the United States, 
Germany, and Chile. Terenzi translated the 
signals into sound within hearing range (be¬ 
tween 20 and 20 000 Hz), employing tools 
from the Computer Audio Research Labora¬ 
tory and a program she designed in CMu- 
sic, a sound synthesis language. 

UGC 6697 is an irregular galaxy that con¬ 
tains a circular ring of ionized gases. It 
presents a ‘ ‘peculiar’ ’ radio source, accord¬ 
ing to Terenzi, that seems due to dynamic 
interaction between the galaxy and the in- 
tergalactic medium. 

The six excerpts of transcribed data 
recorded in “Music from the Galaxies” 
sound like science fiction movie sound¬ 
tracks. In some, familiar sounds and noises 
are discernible—like the deep breaths in 
“Sidereal Breath,” several out-of-tune 
basses in ‘ ‘Galactic Beats, ” or a tropical jun¬ 
gle full of noisy birds and animals in ‘ ‘Colli¬ 
sion.” In others, the sounds are more un¬ 
usual. In “Cosmic Time,” for instance, 
Terenzi laid an original score based on trans¬ 
lated signals over a soundtrack of transcribed 
galactic sounds. The score is performed by 
a synclavier imitating violins, drums, and a 
saxophone. 

The 40-minute tape and compact disc, dis¬ 
tributed by Island Records (Catalog No. 422- 
848-768-2/4), are available in record stores 
for US $8 to $14. Contact: David Reisner, 


Terenzi Music, Box 34182, Los Angeles, 
Calif. 90034-0182; 213-207-3004. 


SOFTWARE 


Gourmet circuitry 

Need peppier analog circuits? The Spice 
Cookbook, the third in a series of Intusoft’s 
reference guides, contains more than 100 
simulation examples using practical analog 
circuits. To assist users in modeling and 
simulating circuits, each example includes a 
complete technical overview with related 
equations, background information, circuit 
schematics, associated IsSpice netlist, and 
output graphs. Among the topics covered 
are analog and digital techniques, analog 
computing, continuous and discontinuous 
systems, and high frequency and micro- 
waves. 

A separate Circuit Specifics section covers 
circuit initialization, convergence, IsSpice 
syntax pitfalls, device modeling, and circuit 
partitioning. Basic programs are included to 
enhance circuit descriptions. 

The 250-page volume, available for US 
$50, contains all the schematics (SpiceNet), 
circuit netlists (IsSpice), and Spice models 
included in The Spice Cookbook. Educational 
discounts are available. Contact: Charles 
Hymowitz, Intusoft, Box 710, San Pedro, 


Calif 90733-0710; 213-833-0710; fax, 213- 
833-9658; or circle 105. 


One-Stop shopping 

For engineers who have little time to shop 
for software, TechExpress Inc.’s electron¬ 
ic bulletin board can provide fast access to 
software specifications, demo disks, and 
catalog and purchasing information 24 hours 
a day. 

A distributor of technical and engineering 
software, TechExpress offers DOS and 
Macintosh products for circuit board layout 
and routing, schematic capture, digital and 
analog simulation, and thermal analysis. It 
also supplies math and graphics packages, 
Lotus add-ons, and flow charts. The soft¬ 
ware includes Derive, Matlab, Mathemati- 
ca, Graftool, Pspice, Susie, McCAD, Sche¬ 
ma, and Gerbtool. For access, call 
818-707-2540 with a modem set to 8 bits, 
one stop bit. There is no parity for access 
to the bulletin board service. For a free cata¬ 
log, call 800-743-7074. Contact; TechExpress 
Inc., 31200La Baya Dr., Suite 301, Westlake 
Village, Calif 91362; 818-707-7074; or cir¬ 
cle 106. 


COORDINATOR: Dana Norvila 
CONSULTANT: Paul A.T. Wolfgang, Boeing 
Computers 
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The 2nd IEEE International Workshop on Photonic 
Networks, Components and Applications 

Montebello, PQ, Canada 
9-11 March 1992 


N?C^0Cfl/73t/» 


presented by 

National Research Council of Canada (NRC) 
Ottawa Carleton Research Institute (OCRI) 
Teiecommunications Research Institute of 
Ontario (TRIO) 
in cooperation with 
IEEE Communications Society 
IEEE Lasers and Electro-Optics Society 


This workshop will create albcus to the many and 
varied facets of today’s photonic technology in broad¬ 
band communication, sensing and control. Photonic 
Cable-TV, LAN, MAN and Telco access networks, 
fiber sensor networks, optical interconnects within and 
between computers, and optical processing will be 
addressed in invited presentations, plenary and poster 
sessions. Panel discussion will focus on prospects of 
various photonic technologies in industrial, medical, 
scientific, residential and business environments. 


Invited speakers: T. Dandridge, US Naval Research 
Lab "Fiber optic sensor networks", A.T. Futro, Cable¬ 
Labs "Fiber optics in Cable-TV distribution", R.K. Snel- 
ling, retired from BellSouth Telecommunications, 
"Fiber in the loop", E. Frietman, Delft U., "Massively 
parallel opto-electronic computers", Y. Yamabayashi, 
NTT, "Ultra-fast fiber transmission technology" and 
others. 


Workshop Chairman: 

Jack Terry, Bell-Northern Research 
Technical Program Chairman: Jacek Chrostowski, 

National Research Council of Canada 

Program Committee: 

M. Brierley (British Telecom, UK), 
M. Duguay (Laval U., Canada), 
S. Ishihara (ETL, Japan), 
K. Johnson (U. Colorado, USA), 
P. Leach (TRIO Canada), 
R.l. MacDonald (TRLabs, Canada), 
M. Martinelli (CISE, Italy), 
R. Sodestrom (IBM, USA), 
C. Verber (Georgia Inst, of Techn., USA) 
Panel Session Coordinator: 

Jan Glinski, Bell-Northern Research 

Registration: Bill Collins, 340 March Road, Suite 400, 
Kanata Ontario CANADA K2K2E4 Tel: (613)592-8160 or 
FAX: (613)592-8163 


Program notes 

(Continuedfromp. 19) 
for the platform. 

SPAG by Polyhedron Software 
Ltd., Standlake, the United 
Kingdom, is one product that 
restructures Fortran source 
code. Polyhedron advertises it 
as “the spaghetti unscram¬ 
bler, ’ ’ showing translation from 
unstructured Fortran 66 code to 
structured Fortran 90. It also 
sells versions of SPAG that con¬ 
vert from Fortran 66 and 77 and 
from IBM and \AX Fortran into 
Fortran 90, so Fortran source 
code written for one platform 
can be quickly moved to anoth¬ 
er platform. 

Programs often contain so- 
called dead code, which can 
never be executed, and vari¬ 
ables or parameters, which are 
declared but never used. SPAG 
3.0 (the latest version) identi¬ 
fies this type of clutter and op¬ 
tionally allows the user to re¬ 
move it. Conversely, SPAG 
explicitly declares those vari¬ 
ables that are not formally 
declared, as is often the case 
with older Fortran codes that 
use implicit typing. 

For more on SPAG, contact 
Polyhedron Software Ltd., Lin¬ 
den House, 93High St., Stand- 
lake, Witney, 0X8 7RH, United 
Kingdom; (44-1-865) 300 579; or 
circle 103. 


Finding iost chiidren 

Programmers can put different 
spins on scanned images to pro¬ 
duce surprising results. With 
software tools that exploit these 
techniques, an anthropologist 
can put “flesh” on the “skull” 
of a prehistoric man, or a plas¬ 
tic surgeon can preview the 


results of surgery. Another ap¬ 
plication for this technology is to 
age individuals electronically by 
altering existing photos. 

At the National Center for 
Missing and Exploited Children, 
Arlington, Va., the technology is 
being used to turn family photos 
of young children into missing 
posters showing the child today. 

Pictures generated by a proto¬ 
type aging workshop have led to 
the identification of seven miss¬ 
ing children in the past 12 
months. How accurate are pic¬ 
tures generated by the worksta¬ 
tion? Well, one of the children 
found had been missing for 11 
years. 

This is expensive technology, 
however: rr^ons of U.S. dollars 
are needed to place aging work¬ 
stations at major police depart¬ 
ments around the country. To 
raise money for workstations, 
Micrografx, a Richardson, Texas, 
company specializing in graph¬ 
ics software for Windows and 
OS/2, decided to find corporate 
and individual sponsors for its 
1991 Comdex Chili Cookoff and 
donate all proceeds to the Cen¬ 
ter. Micrografx was able to raise 
almost $1 000 000 to purchase 
computer tools for the Center. 
It estimates the money will re¬ 
unite over a hundred children 
with their parents next year. 
Contact: Pat Laroche, Micro¬ 
grafx, 1303 E. Arapaho Rd., 
Richardson, Texas 75081; 214- 
497-6183; or the National Cen¬ 
ter for Missing and Exploited 
Children, 2101 Wilson Blvd., 
Suite 550, Arlington, Va. 22201; 
703-235-3900. 


COORDINATOR: Gadi Kaplan 
CONSULTANTS: Stuart Feldman, 
Computer Systems Research, Bellcore, 
and John Kellum, Intergraph Ad¬ 
vanced Processor Division 



A mix of science and art—facial growth data and heredity factors based 
on parents ’ photos—are at the heart of computer programs at the Na¬ 
tional Center for Missing and Exploited Children, Arlington, Va., 
that ‘ ‘age-progress ’ ’ photos of missing children such as the two-year- 
old shown on the left. The age-progressed photo (center) resembles that 
of the found child at seven. 
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This index covers all technical items—p^rs, correspondence, reviews, etc. 
—that ajqjeared in this periodical during 1991, and items from previous years that 
were commented upon or corrected in 1991. 

The Author Index contains the primary entry ft*- each item, listed under the 
first author’s name, and cross-references from all coauthors. The Subject Index 
contains several entries for each item under appropriate subject headings, and 
subject cross-references. 

It is always necessary to refer to the primary entry in the Author Index for the 
exact title, coauthors, and comments/corrections. 
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Abramson, Bill, see Rachowitz, Bernard I., SPEC Apr 91 38-40, 43-44, 46, 48, 
66 

Adam, John A., and Karl Esch. Teclmology 1991: Aerospace/military; SPEC Jan 
91 72-75. Includes Expert Opinion section by R. S. Cooper 
Adam, John A. Air traffic control: Satellites and artificial intelligence promise 
improved safety and efficiettcy; SPEC Feb 91 27-32. Correction, Jul 91 16 
Adam, John A., see Perry, Tekla S., SPEC Feb 91 33-36 
Adam, John A., see Jurgen, Ronald K., SPEC Jun 91 30-42,47-48 
Adam, John A., and Glerm Zorpette. Gulf legacy (special issue intro.); SPEC Sep 
91 H 

Adam, John A. Gulf legacy: Warfare in the information age; SPEC Sep 91 26-33, 
66 

Adams, Gordan, see Watson, George F., SPEC Sep 91 53-58 
Aguirre, Sergio. Software reviews—Linear control analysis on a PC; SPEC Mar 
91 U 

Ang, Peng H., Peter A. Ruelz, and David Auld. Video compression makes big 
gains; SPEC Ocr 97 16-19 

Angrisano, Nicholas P., see Rachowitz, Bernard I., SPEC Apr 91 38-40,43-44, 
46,48,66 

Ashley, Robert J. Shedding light on radiation (Ltr.); SPEC Aug 91 14 
Atwoo^ Donald J., see Watson, George F., SPEC Sep 91 53-58 
Atwood, Thomas M. The case for object-oriented databases; SPEC Feb 91 di-il 
Augustine, Norman R. Review of ‘Partnerships for Profit: Structuring and 
Managing Strategic Alliances’ (Lewis, J. D.; 1990); SPEC May 97 11 
Augustine, Norman JL Speakout—Technology: The edge in warfare; SPEC Sep 
91 

Auld, David, see Ang, Peng H., SPEC Oct 91 16-19 

Austin-Williams, Jaye. Comments on ‘Speakout—Schools miss out on dyslexic 
engineers’ by W. W. Frey; SPEC Feb 91 6 (Original item, Dec 90 6) 


B 

Balk, Alfred. Asiapower (special issue intro.); SPEC Jun 91 24-25 

Balk, Alfred. Asiapower. East Asia’s power crescent; SPEC Jun 91 26-29 

Bannister, Joseph A., see Gerla, Mario, SPEC Aug 91 26-31, 43 

Bell, Trudy E. Technology 1991: The media event; SPECJan9I 31 

Bell, Trudy E. Technology 1991: Telecommunications; SPEC Jan 91 44-47. 

Includes Expert Opinion section by L. B. Milstein 
Bell, Trudy E. Review of ‘Women of Science: Righting the Record’ 
(Kass-Simon, G. and Fames, P., Eds.\ 1990); SPEC Mar 91 W 
Bell, Trudy E. When bust is best; SPEC Mar 91 56-59 
Bell, Trudy E, Incredible shrinking computers; SPEC May 91 37-41. 
Correction, Jul 91 16 

Bell, Trudy E., see Jurgen, Ronald K., SPEC Jun 91 30-42,47-48 
Bell, Trudy E, Review of ‘In the Stream of Stars: The Soviet/American Space 
Art Book’ (Hartmann, W. K., et al.; 1991); SPEC Jul 91 11-12 
Bell, Trudy E., and Karl Esch. The United States in space; SPEC Aug 91 18-20, 
45-51 

Ben-Yaacov, Giora. Foram—EPRI had help with its workstations (Ltr.); SPEC 
Sep 91 19 

Bridenbaugb, Dale G. Echoes of whistle-blowing (Ltr.); SPEC Nov 91 16 
Brodess, David, see Petty, Tekla S., SPEC Jun 91 63-65 
Burgess, Cliff G. Comments on ‘Electromagnetic fields: The jury’s still out’ by 
K. Fitzgerald et al.; SPEC Feb 91 6,58 (Original article, Aug 90 22-35) 
Burleson, George R. Review of ‘At the Heart of the Bomb: The Dangerous 
AUure of Weapons Work’ (Rosenthal, D.; 1990); SPEC Jan 97 11,14 
Burnett, Robert W., rce Wheeler, Roy, SPEC Jul 91 32-37 
Bynum, Terrell Ward. Review of ‘(Computer Ethics: Cautionary Tales and 
Ethical Dilemmas in Computing’ (Forrester, T., and Morrison, P.; 1990); 
SPEC Apr 91 11-12 


C 

Campanella, S. J. Correction to ‘Communications satellites: Orbiting into the 
’90s’ (Aug 90 45-52); SPEC Feb 91 58 


Carey, William M. Metric advice (Ltr.); SPEC Sep 91 20 
Carnes, James E. Review of ‘HDTV: Advanced Television for the 1990s’ 
(Benson, K., and Fink, D.; 1991); SPEC Aug 91 6 
Chai-Kon, Oh, see Perry, Tekla S., SPEC Jun 91 63-65 
Chandler, Gerald D. Overlapping platforms and the IEEE voter (Ltr.); SPEC Jan 
91 16 

Chen, Katherine T. Techrrology 1991: Transportation; SPEC Jan 91 69-71. 

Includes Expert Opinion section by A. R. Eastham 
Cheung, Y. S., see Perry, Tekla S., SPEC Jun 91 63-65 
Chiang, Morris, see Perry, Tekla S., SPEC Jun 91 63-65 
Christiansen, DonaldL Spectral Lines—More on elegant design; SPEC Jan 91Z1 
Christiansen, Donald. Spectral Lines—^Toward higher quality; SPEC Jan 91 27 
Christiansen, Donald. Spectral Lines—On-line transmission; SPEC Feb 97 21 
Christiansen, Donald. Spectral Lines—Fixed-price development; SPEC Feb 91 
21 

Christiansen, Donald. Spectral Lines—Aircraft traffic control; SPEC Mar 97 31 
Comments by Lawing, G. P., SPEC Nov 97 16 
Christiansen, DonaIrL Spectral Lines—Who’s ahead in high tech?; SPEC Mar 
97 31 

Christiansen, Donald. Spectral Lines—A chicken-and-egg problem; SPEC Apr 
97 21 

Christiansen, Donald. Spectral Lines—Moving on metric; SPEC May 91 25 
Christiansen, Donald. Spectral Lines—^Friendly second-sourcing; SPEC Jun 91 
23 

Christiansen, Donald. Spectral Lines—Is college a commodity?; SPEC Jul 91 
21 

Christiansen, Donald. Spectral Lines—^Kudos; SPEC Aug 91 17 
Christiansen, Donald. Spectral Lines—^Management under stress; SPEC Aug 91 
17 

Christiansen, Donald. Spectral Lines—Global arms proliferation; SPEC Sep 91 
23 

Christiansen, Donald. Spectral Lines—^Power consumers in the dark; SPEC Oct 
91 15 

Christiansen, Donald. Spectral Lines—Closing the gap; SPEC Nov 91 19, 
Christiansen, Donald. Spectral Lines—^Nurturing the open mind; SPEC Dec 91 
21 

Cleetus, K. Joseph, see Reddy, Ramana, SPEC Jul 91 26-27, 30 
Collins, John M., ree Watson, George F., SPEC Sep 91 53-58 
Collins, Tate B. Powerful forces (Ltr.); SPEC Dec 91 16,18 
Condry, John. Gulf legacy: TV: Live from the battlefield; SPEC Sep 91 47-48, 
66 

Cooper, Robert S., see Socarras, Angel E., SPEC Mar 91 52-55 
Courtney, Robert H., Jr. Review of ‘Spectacular Computer Crimes’ 
(BloomBecker, B.; 1990); SPEC/an 97 14 
Craver, Thomas R. Review of ‘Hypertext and Hypermedia’ (Nielson, J.; 1990); 
SPEC Mar 91 11-13 

Cross, Michael. Japan’s nuclear power tightrope; SPEC Apr 91 77-80 
Currie, Malcolm see Watson, George F., SPEC Sep 91 53-58 


D 

Dambrot, Stuart M., see Rosenblatt, Alfred, SPEC Jun 91 49-62 
Damiano, Robert, and Douglas S. Reeves. Logic synthesis for ASICs; SPEC Nov 
91 26,32-33,60, 62 

Daniel, Johns. Comments, with reply, on ‘Speakout—Schools miss out on 
dyslexic engineers’ by W. Frey; SPEC May 91 20 (Original item, Dec 90 6) 
Delisle, Dominique, and Lionel Pelamourgues. A guide to data communications: 

B-ISDN and how it works; SPEC Aug 91 39-42, 44 
DiMaria, Dennis L., see Jurgen, Rcmald K., SPEC Jun 91 30-42,47-48 
Duston, DwighL Speakout—^No one speaks for the R&D engineer; SPEC Dec 91 
14-15 


E 

Easton, Roger. Comments on ‘Technology ’91: Power and energy’ by G. 

Zocpe(ie\SPEC Jun91 20 (Original article, Jan 91 61-64) 

Elliot, Paul G. Software reviews—^EasyPIot; SPEC Jan 91 19 
Esch, Karl, see Adam, John A., SPEC Jan 91 72-75 
Esch, Karl, see Jurgen, Ronald K,, SPEC Jun 91 30-42,47-48 
Esch, Karl, see Bell, Tmdy E., SPEC Aug 91 18-20,45-51 


F 

Ferguson, Warren E., Jr. Selecting math coprocessors; SPEC Jul 91 38-41 
Fitzgerald Karen. Technology 1991: Test and measurement; SPEC Jan 91 
56-58. Includes Expert Opinion section by R. D. Thornton 
Fitzgerald, Karen. Technology 1991: Medical electronics; SPEC Jan 91 76-78. 

Includes E)q>ert Opinion section by C. J. Robinson 
Fitzgerald, Karen. Energy management—Overhauling weapons production; 
SPEC Mar 91 39-44 
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Fitzgerald, Karen. Energy management—Origin of a culture; SPEC Mar 91 
45-47 

Comments by Martin, Stuart T., SPECJun 91 20 
Fitzgerald, Karen, see Jurgen, Ronald K., SPECJun 91 30-42,47-48 
Fitzgerald, Karen, see Rosenblatt, Alfred, SPEC Jun 91 49-62 
Flores, Gary E., and Bruce Kiilqratrick. C^tkal lithography stalls X-rays; SPEC 
Oct 91 24-21 

Forsyth, Mark, ree Homing, Robert J., SPEC Apr 91 58-62,64-65,68 
Foster, Kenneth R. Software reviews—Solving equations by computer; SPEC 
May 91 22 

Foster, Kenneth R. Prepackaged math; SPEC Nov 91 44,48-50,60-61 
Foster, Kenneth R. Software reviews—Mathematica Version 2; SPEC Nov 91 
73 

Fragola, Joseph. Review of ‘Uncertainty; A Guide to Dealing with Uncertainty 
in Quantitative Risk and Policy Analysis’ (Mwgan, M. G., and Heiuion, M.; 
1990); SPEC Apr 91 12,14 


G 

Geisel, Ritchie L. Comments on ‘Speakout—Schools miss out on dyslexic 
engineers’ by W. W. Frey; SPEC Mar 91 16 (Original item, Dec 90 6) 
Gerla, Mario, and Joseph A. Bannister. A guide to data communications; 

High-speed local-area networks; SPEC Aug 91 26-31, 43 
Gillyboeuf, Jean-Paul, see Watson, George F., SPEC Sep 91 53-58 
Gilmour, Peter S. How to select tools for microcontroller software; SPEC Feb 
91 37-39 

Goldman, Jack E. Review of ’Managing Creativity in Science and Hi-Tech’ 
(Kay, Ronald; 1990); SPEC Feb 91 11-12 
Gould, Richard G. Comments on ’Revising the script after Patriot’ by M. 

Riezenman; SPEC Nov 91 16 (Original article, Sep 91 49-52) 

GrassI, Charles. Comments on, ’Technology 1991: Minis and mainframes’ by G. 

Zoipette; SPEC Sep 91 19-20 (Original article, Jan 91 40-43) 

Guterl, Fred. Ericsson bets on a cellular weald; SPEC Feb 91 48-51 
Gwynne, Peter, see Rosenblatt, Alfred, SPEC Jun 91 49-62 

H 

Haner, Bruce. Software reviews—^Brain Maker Professional; SPEC Aug 91 

57- 58 

Hench, David L. Software reviews—For large filter design; SPEC Mar 91 24,26 
Hertling, David R. Software reviews—EEpal; SPEC Aug 91 58 
Hills, Alex. Teaching information networking; SPEC Oct 91 22-23 
Horning, Robert J., Mark Forsyth, Jeff Yetter, and Larry J. Thayer. A guide to 
engineering workstations: How ICs impact workstatiems; SPEC Apr 91 

58- 62,64-65,68 


Inose, Hiroshi, see Petty, Tekla S., SPEC Jun 91 63-65 


J 

Jain, Yogendra, see Jangi, Shrirang, SPEC Feb 91 40-43 
Jangi, Shrirang, and Yogendra Jain. Embedding spectral analysis in equipment; 
SPEC Feb 91 40-42 

Jones, Richard D. Comments on ’Technology ’90: Medical electronics’ by K. 

Fitzgerald; SPEC Jun 91 20 (Original article, Jan 90 52-54) 

Jurgen, Ronald K. Technology 1991 (special issue intro.); SPEC Jan 91 28-29 
Jurgen, Ronald K. Technology 1991: Consumer electronics; SPEC Jan 91 
65-68. Includes Expert Opinion section by W. C. Luplow 
Jurgen, Ronald K. Technology 1991: The specialties; SPEC Jan 91 79 
Jurgen, Ronald K. Thechallenges of digital HDTV; SPEC Apr 91 28-30,71,73. 
Correction, Jul 91 16 

Jurgen, Ronald K. Smart cars and highways go global; SPEC May 91 26-36 
Jurgen, Ronald K., George Watson, Jc4m A. Adam, Trudy E. Bell, Karl Esch, 
Karen Fitzgerald, Glenn Zoipette, and Dennis L. DiMaria. Asiapowen 
Poised for technological leadership; SPEC Jun 91 30-42, 47-48. 
Correction, Aug 91 14 

Jurgen, Ronald K. Jacob Rabinow; 326 patents and counting; SPEC Dec 91 
24-25 

Jurgen, Ronald K. John Cocke: Vision with enthusiasm; SPEC Dec 91 33-35 


K 

Kahn, Robert E. Gigabit netwcxks; SPEC Aug 91 40 

Kaplan, Gadi. Teclmology 1991: Industrial electronics; SPEC Jan 91 59-60. 

Includes Expert Opinion section by R. C. Luo 
Kaplan, Gadi. Technology 1991: Business roundup; SPEC Jan 91 80-81 
Kaplan, Gadi. A guide to engineering workstations: Revolution in the workplace 
(special report intro.); SPEC Apr 91 32,34 
Kaplan, Gadi. A guide to data communications; SPEC Aug 91 22,24-25 
Kaplan, Gadi. Introduction to special issue on engineering software; SPEC Nov 
9122 

Kaplan, Larry. Review of ’The Devouring Fungus: Tales of the Computer Age’ 
(Jennings, K.; 1990); SPEC Dec 91 11-12 
Karem, Mahmoud, see Watson, George F., SPEC Sep 91 53-58 
Kayton, Myron. Speakout—Engineers teach for far too little; SPEC Jun 91 12, 
14 

Khan, Ahmed Rahil, and David L. Walker. Software reviews—For timing 
diagrams; SPEC May 97 22 


Kirkpatrick, Bruce, see Flores, Gary E., SPEC Oct 91 24-27 
Kraft, Raymond H. Software reviews—^Analyzing dynamic systems; SPEC Nov 
97 73-74 

Kuhn, D. RicharrL Posix and open systems standards; SPEC Dec 91 36-39 
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Lang, Larry. LAN Interconnection: Wide-area data networks; SPEC Aug 91 38 
Lawing, Gene P. Comments on ’Spectral lines —Aircraft traffic control’ by D. 

Christiansen; SPEC Nov 91 16 (Original item. Mar 9131) 

Lucky, Robert W. Reflections—Layers of ability; SPEC Jan 91 6 
Lucky, Robert W. Reflections—^Thc ambitious word processor; SPEC Mar 91 6 
Lucky, Robert W. Reflections—Engineers: Dearth or glut; SPEC May 91 6 
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Lucky, Robert W. Reflections—A way with words; SPEC Sep 91 6 
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Luebbers, RaymonrL Comments, with reply, on ’Behind the Laplace transform’ 
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Maccoby, Michael. The innovative mind at work; SPEC Dec 91 22 
Martin, Stuart T. Comments on ’Energy management—Origin of a culture’ by 
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Maue, Richard K., see Rachowilz, Bernard 1., SPEC Apr 91 38-40,43-44, 46, 
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Mendes, Celso Luiz P. Comments on ’Electromagnetic fields: Societal 
reverberations’ by K. Fitzgerald; SPEC Oct 91 4 (Original article, Aug 90 
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Menon, M. G. K., see Perry, Tekla S., SPEC Jun 91 63-65 
Miller, Joel. Legal Aspects—Computer-on-a-chip: Why so long to patent?; 
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Miller, Joel. Legal Aspects—Europe 1992: The legal underpiiurings; SPEC May 
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Miller, Joel. Legal Aspects—^Japan and United States renew semiconductor pact; 
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Morgan, M. Granger. Review of ’Science and the Navy: The History of the 
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Morgan, M. Granger. Review of ’Technological Risk’ (Lewis, H. W.; 1990); 
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Morris, Janet, see Watson, George F., SPEC Sep 91 53-58 
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Nahin, Paul J. Behind the Laplace transform; SPEC Mar 91 60 
Comments by Luebbers, Raymond, SPEC Oct 91 4 
Nelson, Clifford. HDTV: A dissenting opinion (Ltr.); SPEC Jan 91 16 
Newman, William I. Review of ’Origins: The Lives and Worlds of Modem 
Cosmologists’ (Lightman, A., and Brawer, R.; 1990); SPEC Sep 97 14-15 


O 

Oblak, Frank J. Support in a storm (Ltr.); SPEC Dec 91 16 
Offner, Franklin F. Comments on ’Keithley’s phantom repeater Applying 
wartime technology’ by IEEE Spectrum Staff; SPEC Feb 91 6 (Original 
article, Dec 9071) 


Parsons, Thomas W. Our 0.2366 liter nmneth over (Ltr.); SPEC Jan 91 16 
Paul, Norman R. Comments, with reply, on ’Speakout—Schools miss out on 
dyslexic engineers’ by W. Frey; SPEC May 91 20 (Original item, Dec 90 6) 
Pelamourgues, Lionel, see Delisle, Dominique, SPEC Aug 97 39-42, 44 
Perry, Tekla S. Air traffic control: A system-wide upgrade races to replace 
two-decade-old equipment; SPEC Feb 91 22-27 
Perry, Tekla S., and John A. Adam. Air traffic craitrol: Expert observers define 
top priorities to ensure safe and accessible skies; SPEC Feb 91 33-36 
Perry, Tekla S. Careers/profile: Ivan A. Getting; SPEC Apr 91 74-76 
Perry, Tekla S., see Rosenblatt, Alfred, SPECJun 91 49-62 
Perry, Tekla S., Hiroshi Inose, Oh Chai-Kon, Morris Chiang, Mah Bow Tan, Y. 
S. Cheung, David Brodess, and M. G. K. Menon. Asiapower 2000: What’s 
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Perry, Tekla S. Carver A. Mead: Blending science and engineering; SPEC Dec 
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Reddy, Ramana, Ralph T. Wood, and K. Joseph Cleetus. Concurrent 
engineering: The DARPA Initiative: Encouraging new industrial practices; 
SPECJul91 26-27, 30 

Reeves, Douglas S., see Damiano, Robert, SPEC Nov 91 26,32-33,60, 62 
Reilly, Lucy. Gulf legacy: Coping with the dual-use dilemma; SPEC Sep 91 
63-66 

Riezenman, Michael. Gulf legacy: Revising the script after Patriot; SPEC Sep 91 
49-52,66 

Comments by Gould, R. G., SPEC Nov 91 16 
Riezenman, Michael J. Wanlass’s CMOS circuit; SPEC May 91 44 
Roberts, Janet A, Comments on ‘Affordable analog design' by J. R. Hines; 

SPEC Mar 91 16 (Original article, Nov 90 60,62,64,66-67,93) 
Rosenblatt, Alfred. Technology 1991: PCs and workstations; SPEC Jan 91 
32-35. Includes Expert Opinion section by E. E. Schmidt 
Rosenblatt, Alfred. Technology 1991: Data communications; SPEC Jan 91 
48-51. Includes Expert Opinion section by D. Raychaudhuri 
Rosenblatt, Alfred. Who’s ahead in hi-tech?; SPEC Apr 91 22-27 
Rosenblatt, Alfred, Tekla S. Perry, Stuart M. Dambrot, Peter Gwytme, George 
Watson, and Karen Fitzgerald. Asiapower: Formula for competitivoiess; 
SPEC Jun 91 49-61 

Rosenblatt, Alfred, and George F. Watson. Concurrent engineering (special 
section intro.); SPEC Jul 91 22 
Rosenblatt, Alfred, see Wheeler, Roy, SPEC Jul 91 32-37 
Rosenblatt, Alfred. Gulf legacy: Grappling with the arms trade; SPEC Sep 91 
59-62,66 

Rossin, A. David. Comments on ‘Whistle-blowing: Not always a losing game’ 
by K. Fitzgerald; SPEC Apr 91 6 (Original article, Dec 90 49-52) 
Rothstein, Jerome. Beaming watts from space to earth (Ltr.); SPEC Jul 91 16 
Ruetz, Peter A., see Ang, Peng H., SPEC Oct 91 16-19 
Ryder, John D. Magnetism without magnets; SPEC Oct 91 28 


S 

Saunders, Larry. Review of‘VHDL’ (Perry, D.; 1991); SPEC Oct 91 6 
Schmalzel, John L. Data handling; SPEC Nov 91 38,40-42,60-61 
Sharma, Roshan L. A guide to data communications; Interconnecting LANs; 
SPEC Aug 91 32-38,43-44 

Shina, Sammy G. Concurrent engineering; New rules for world-class companies; 
SPEC Jul 91 21-16 

Sinclair, John. Technical care for a world in distress (Ltr.); SPEC Feb 91 6 
Socarras, Angel E., Robert S. Cooper, and William F. Stonecypher. Anatomy of 
an X terminal; SPEC Mar 91 52-55 

Senders, T. Michael, and Gerard N. Stenbakken. Cutting the high cost of testing; 
SPEC Mar 91 48-51 

Spector, Leonard S., jee V/atson, George F., SPEC Sep 91 53-58 
Spectrum Staff. Technology 1991: Software; SPEC Jan 91 36-39. Includes 
Expert Opinion section by E. Wagner 

Spectrum Staff. A guide to engineering workstations; Tips on setting up your 
workstation; SPEC ^r 91 36-37 

Spectrum Staff. A guide to engineering workstations: Add-ons for your 
workstation; SPEC Apr 91 52-57 

Sponsler, George C Spe^out—^The politics of scieiKe; SPEC Apr 91 15-16 
Sprey, Pierre M., see Watson, George F., SPEC Sep 91 53-58 
Stark, Peter A. Comments on ‘Reversing sagging precollege skills in 
mathematics and science’ by K. T. Chen; SPEC Apr 91 6, 90 (Original 
article, Dec 90 44-47) 

Steinberg, (Jerald M., see Watson, George F., SPEC Sep 91 53-58 
Stenbakken, Gerard N., see Souders, T. Michael, SPEC Mar 91 48-51 
Stonecypher, William F., see Socarras, Angel E., SPEC Mar 91 52-55 
Svensson, Christer, see Yuan, Jiren, SPEC Feb 91 52-53 
Swanson, Daniel G., Jr. Simulating EM fields; SPEC Nov 91 34,36-37,60 


T 

Tan, Mah Bow, see Peiry, Tekla S., SPECJun 91 63-65 
Thayer, Larry J., see Homing, Robert J., SPEC Apr 91 58-62,64-65,68 
Topper, Andrew. Automating software development; SPEC Nov 91 56,58,62 
Travis, Frank B. Hold on, partner (Ltr.); SPEC Feb 91 58 
Trim, Richard M. From hobby to job (Ltr.); SPEC Jan 91 16 
Turino, Jon. Concurrent engineering: Making it woik calls for input from 
everyone; SPEC Jul 91 30-32 


V 

Verhelle, R. AU aboard, 25-Hz users! (Ltr.); SPEC Feb 91 58 


W 

Wait, James R. Shedding light on radiation (Ltr.); SPEC Aug 91 14 
Walker, David L., see Khan, Ahmed Rahil, SPEC May 91 22 
Watson, George. Technology 1991: The main event; SPEC Jan 91 30 
Watson, (Jeorge, see Jurgen, Ronald K., SPECJun 91 30-42,47-48 
Watson, (Jeorge, see Rosenblatt, Alfred, SPECJun 91 49-62 
Watson,GeorgeF.Technology 1991:Solid state-,SPECJan91 52-55. Includes 
Expert Opinion section by S. Asai 
Watson, (Jeorge F., see Rosenblatt, Alfred, SPEC Jul 9122 
Watson, (Jeorge F., Ronald W. Yates, Pierre M. Sprey, Malcolm R. Currie, 
Donald J. Atwood, (Jordan Adams, John M. Collins, Mahmoud Karem, 
Jean-Paul Gillyboeuf, Gerald M. Steinberg, Janet Morris, and Lemiard S. 


Spector. Gulf legacy: The challenge of post-Gulf conflicts; SPEC Sep 91 
53-58 

Watson, George F. Masaru Ibuka: Farsighted founder; SPEC Dec 91 27-28 
Watson, George F. James F. Blinn, computer animator; SPEC Dec 91 30 
Watson, George F. Jun-ichi Nishizawa: A maverick in Japan; SPEC Dec 91 
31-32 

Watson, J. Eugene, Jr. Speakout—How U.S. lead in power equipment ended; 
SPEC Feb 91 16-17 

Wheeler, Roy, Robert W. Burnett, and Alfred Rosenblatt Concurrent 
engineering: Success stories in instrumentation, communications; SPEC Jul 
91 32-37 

Wood, Ralph T., see Reddy, Ramana, SPEC Jul 91 26-27, 30 


Y 

Yates, Ronald W., see Watson, George F., SPEC Sep 91 53-58 
Yettcr, Jeff, see Homing, Robert J., SPEC Apr 91 58-62,64-65,68 
Yuan, Jiren, and Christer Svenssoa Pushing the limits of standard CMOS; SPEC 
Feb 91 52-53 


Z 

Zelby, Leon W. Powerful forces (Ltr.); SPEC Dec 91 16 
Zorpette, Glenn. Technology 1991: Minis and mainframes; SPEC Jan 91 40-43. 
Includes Expert Opinion section by B. M. Friedlander. 

Comments by Grassl, C. SPEC Sep 91 19-20 
Zorpette, Glenn. Technology 1991: Power and energy; SPEC Jan 91 61-64. 
Includes Expert Opinion section by H. Persoz. 

Comments by Easton, R., SPEC Jan 91 20 
Zorpette, Glenn. Energy management—The DOE: Agency under fire; SPEC 
Mar 91 32-33 

Zorpette, Glenn. Energy management—^Loosening the bonds of oil; SPEC Mar 
91 34-38 

Zorpette, Glenn. Utilities get serious about efficiency; SPEC May 91 42-43 
Zorpette, Glenn, see Jurgen, Ronald K., SPECJun 91 30-42,47-48 
Zorpette, Glenn, see Adam, John A., SPEC Sep 91 24 
Zorpette, Glenn. Gulf legacy: Emulating the battlefield; SPEC Sep 91 36-39,66 
Zorpette, Glenn. Gulf legacy: From factory floor to desert war; SPEC Sep 91 


SUBJECT INDEX 
A 

Aircraft; cf. Military aircraft 
Aircraft communication 

improving efficiency and safety of air-traffic control with satellites, AI, and 
better communication and onboard equipment Adam, John A., SPEC Feb 
91 27-32t 

Aircraft crew training 

high-technology training of US military personnel. Zorpette, Glenn, SPEC 
Sep 91 36-39,66 
Aircraft electronics 

improving efficiency and safety of air-traffic control with satellites, AI, and 
better communication and onboard equipment Adam, John A., SPEC Feb 
91 27-32t 

Aircraft maintenance 

operational support, maintenance, and logistics in Persian Gulf War. Zorpette, 
Glenn, SPEC Sep 91 40-42 
Air pollution 

recent developments in power and energy. Zorpette, Glenn, SPEC Jan 91 
61-64t 

Air-traffic control 

air traffic control (special section). SPEC Feb 91 22-36 

IEEE Spectrum’s Feb. 1991 report on air-traffic control (Spectral Lines). 
Christiansen, Donald, SPEC Mar 97 3 If 

improving efficiency and safety of air-traffic control with satellites, AI, and 
b^er communication and onboard equipment Adam, John A., SPEC Feb 
91 27-32t 

recent developments in transportation. Chen, Katherine T., SPEC Jan 91 
69-71 

response by 15 experts to questions about achieving air-traffic safety. Perry, 
Tekla S., + , SPEC Feb 91 33-36 

systemwide upgrade of US air traffic control system, replacing 
two-decade-old equipment Perry, Tekla S., SPEC Feb 91 22-27 
Air transportation 

operational support, maintenance, and logistics in Persian Gulf 91as.Zorpette, 
Glenn, SPEC Sep 91 40-42 

recent developments in transportation. Chen, Katherine T., SPEC Jan 91 
69-71 

response by 15 experts to questions about achieving air-trafftc safety. Perry, 
Tekla S., + , SPEC Feb 91 33-36 
Analog circuits 

modeling aj^roach that cuts high cost of testing analog and mixed-signal 
devices. Souders, T. Michael, -I-, SPEC Mar 91 48-51 
Analog circuits; cf. Analog integrated circuits 
Analog-digital conversion 

modeling approach that cuts high cost of testing analog and mixed-signal 
devices. Souders, T. Michael, -I-, SPEC Mar 91 48-51 
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Analog integrated circuits 

comments on ‘Affordable analog design’ by J. R. Hines. Roberts, Janet A., 
SPEC Mar 91 16 (Original article, Nov 90 60,62,64,66-67,93) 

Analog systems 

comments on ‘Affordable analog design’ by J. R. Hines. Roberts, Janet A., 
SPEC Mar 91 16 (Original article, Nov 90 60,62,64,66-67,93) 
Application-speciric integrated circuits 

logic synthesis for ASICs. Damiano, Robert, + , SPEC Nov 91 26,32-33,60, 
62 

Aritbinetic; cf. Coprocessors 
Arms control 

amis trade in wake of lessons learned from Persian Gulf War. Rosenblatt, 
Alfred, SPEC Sep 91 59-62,66 

coping with expoils that have both commercial and military use. Reilly, Lucy, 
SPEC Sep 91 63-66 

book reviewiln the Stream of Stars: The Soviet/American Space Art Book 
(Hartman,W.K.,etal.: \m).Bell,TrudyE.,SPECJul91 11-12 
Artificial intelligence 

improving efficiency and safety of air-traffic control with satellites, AI, and 
better communication and onboard equipment Adam, John A., SPEC Feb 
91 27-32t 

recent developments in test and measurement Fitzgerald, Karen, SPEC Jan 
91 56-58 

Artificial intelligence; cf. Decision-support systems 

Asia’s industrialized nations; introduction to special issue on Asiapower. 

Balk, Alfred, SPEC Jun 91 24-25 
Asiapower (special issue). SPEC Jun 91 24-65 

East Asian nations’ standing and efforts in various technological areas. 

Jurgen, Ronald K., -v , SPEC Jun 91 30-42,47-48t 
East Asian nations approach to maintaining competitive edge in technology. 

Rosenblatt, Alfred, ■¥ , SPEC Jun 91 49-62 
economic and technological advances of East Asian nations. Balk, Alfred, 
SPEC Jun 91 26-29 

priorities for technology growth seen by leaders of seven East Asian nations. 
Perry, Tekla S., + , SPEC Jun 91 63-65 
Astronomical satellites 

Hubble Space Telescope problems. Bell, Trudy E., SPEC Jan 91 31 
recentdevelopmentsinaerospaceandmilitaryareas.Adam./oAnA., + ,SPEC 
Jan 91 72-75 
Astronomy 

book review; Origins: The Lives and Worlds of Modem Cosmologists 
(Lightman, A., and Drawer, R.; 1990). Newman, William I., SPEC Sep 91 
14-15 

Asynchronous transfer mode 

broadband ISDN; overview. Delisle, Domimque, + , SPEC Aug 91 39-42, 44 
Availability; cf. Maintenance 

12 major 1991 IEEE medals awarded. SPEC Jul 91 42-43 
1991 IEEE service awards and prize papers. SPEC Dec 91 40-41 
Malcolm Baldrige National (Quality Award and push toward higher quality 
(Spectral Lines). Christiansen, Donald, SPEC Jan 91 27 


B 

Behavioral science; cf. Psychology 

Bioelectric phenomena; cf. Biological radiation effects, electromagnetic 
Biographies 

Ivan A. Getting. Perry, Tekla S., SPEC Apr 91 74-76 
profiles of ei^t innovators based on IEEE Spectrum interviews. Jurgen, 
Ronald K., + , SPEC Dec 91 22,24-34 
Biological radiation effects, electromagnetic 

comments on ‘Electromagnetic fields: Societal reverberations’ by K. 
Fitzgerald. Mendes, Celso Luiz P., SPEC Oct 91 4 (Original article, Aug 90 
27-32) 

comments on ‘Electromagnetic fields: The jury’s still out’ by K. Fitzgerald et 
al. Burgess, Cliff G., SPEC Feb 91 6,58 (Origirral article, Aug 90 22-35) 
tips on setting up workstations. Spectrum Staff, SPEC Apr 9136-31 
Biological radiation effects, electromagnetic; cf. Power transmission biological 
effects 
Biomagnetics 

comments on ’Technology ’90: Medical electronics’ by K. Fitzgerald./oner, 
Richard D., SPEC Jun 91 20 (Original article, Jan 90 52-54) 

Biomedical imaging 

recent developments in medical electronics. Fitzgerald, Karen, SPEC Jan 91 
76-78 

Book reviews 

At the Heart of the Bomb: The Dangerous Allure of Weapons Work 
(Rosenthal,D.; l990).Burleson,GeorgeR.,SPECJan91 11,14 
Ethics: Cautionary Tales and Ethical Diletrunas in Computing (Forrester, T., 
and Morrison, P.; 1990). Bynum, Terrell Ward, SPEC Apr 91 11-12 
HDTV: Advanced Television for the 1990s (Benson, K., and Fink, D.; 1991). 
Carnes, James £., SPEC Aug 91 6 

Hypertext and Hypermedia (Nielson, J.; 1990). Craver, Thomas R., SPEC 
Mar 91 11-13 

In the Stream of Stars: The Soviet/American Space Art Bo<* (Hartman, W. 
K., et al.; 1991). Bell, Trudy E., SPEC Jul 91 11-12 


Managing Creativity in Science and Hi-Tech (Kay, Ronald; 1990). Goldman, 
Jack E., SPEC Feb 91 11-12 

Origins: The Lives and Worlds of Modem Cosmologists (Lightman, A., arid 
Drawer, R.; 1990). Newman, William I., SPEC Sep 91 14-15 

Partnerships for Profit: Structuring and Managing Strategic AIliatKes (Lewis, 
J.D.; 1990). Augustine, NormanR., SPEC May 91 11 

Science and the Navy: The History of the Office of Naval Research (Sapolsky, 
Harvy M.; 1990). Morgan, M. Granger, SPEC Feb 91 11 

Spectacular Computer Crimes (BloomBecker, B.; 1990). Courtney, Robert 
H.,Jr.,SPECJan91 14 

Technological Risk (Lewis, H. W.; 1990). Morgan, M. Granger, SPEC Nov 
91 11-12 

Technologies Without Boundaries: On Telecommunications in a Global Age 
(de Sola Pool, I.; 1990). Morgan, M. Granger, SPEC Jun 916 

The Devouring Fungus: Tales of the Computer Age (Jennings, K.; 1990). 
Kaplan, Larry, SPEC Dec 91 11-12 

Urjcertainty: A Guide to Dealing with UrKertainty in Quantitative Risk and 
Policy Analysis’ (Morgan, M. G., and Henrion, M.; 1990). Fragola,Joseph, 
SPEC Apr 91 12,14 

VHDL (Perry, D.; 1991). Saunders, Larry, SPEC Oct 91 6 

Women of Science: Righting the Record (Kass-Simon, G. and Fames, P., 
Eds.; 1990). Bell, Trudy E., SPEC Mar 91 11 
Broadband communication 

recent developments in telecommunications. Bell, Trudy E., SPEC Jan 91 
44-47 

Broadband communication; cf. Asynchronous transfer mode 
Business 

Asia’s industrialized nations; introduction to special issue on Asiapower. 
Balk, Alfred, SPEC Jun 91 24-25 
Business; cf. International trade 
Business economics 

top 20 electronics companies. Kaplan, Gadi, SPEC Jan 91 80-81 


C 

CAD (computer-aided design); cf. Design automation 

CAM (computer-aided manufacturing); cf. Manufacturing automation 

Careers; cf. Biographies; Engineering profession 

CASE; cf. Computer-aided software engineering 

Cellular land mobile radio; cf. Land mobile radio cellular systems 

China; cf. Asia 

Circuits; cf. Analog circuits; Integrated circuits; Logic circuits; Timing 
CMOS integrated circuits 

invention of CMOS logic circuit by Frank Wanlass. Riezenman, Michael J., 
SPEC May 91 U 

raising clock rates of standard CMOS circuits up to 1 GHz with help from 
CAD. Yuan, Jiren, -V , SPEC Feb 91 52-53 
Command and control systems 

role of information systems and high-tech weapons in Persian Gulf War. 
Adam, John A., SPEC Sep 91 26-33, 66 
Communication, human; cf. Human communication 
Communication satellites; cf. Satellite communication 
Communication switching; cf. Packet switching 
Communication system testing 

destructive testing of telecommunication equipment at AT&T. Bell, Trudy £., 
SPEC Mar 91 56-59 
Communication systems 

book review; Technologies Without Boundaries; On Telecommunications in 
a Global Age (de Sola Pool, I.; 1990). Morgan, M. Granger, SPEC Jun 91 

recent developments in telecommunications. Bell, Trudy £., SPEC Jan 91 
44-47 

recent developments in test and measurement. Fitzgerald, Karen, SPEC Jan 
91 56-58 

Communication systems; cf. Aircraft communication; Digital communication; 
Image communication; Optical fiber communication; Satellite 
communication 
Communications industry 

recent developments in telecommunications. Bell, Trudy £., SPEC Jan 91 
44-47 

Computer-aided design; cf. Design automation 
Computer-aided manufacturing; cf. Manufacturing automation 
Computer-aided software engineering 

automating software development. Topper, Andrew, SPEC Nov 9/ 56,58,62 
recent developments in software. Spectrum Staff, SPEC Jan 91 36-39 
Computer communication; cf. Computer networks 
Computer crime; cf. Computer security 
Computer industry 

recent developments in minis and mainframes. Zorpette, Glenn, SPEC Jan 91 
40-43 

Computer input/output; cf. Computer peripherals 
Computer interfaces 

add-on boards and peripherals for workstations; overview and representative 
sampling. Spectrum Staff, SPEC Apr 91 52-57 
Posix (IEEE portable operating system interface) and open standards. Kuhn, 
D. Richard, SPEC Dec 91 36-39 
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Computer interfaces; cf. Microcomputer interfaces 
Computer interfaces, human factors 

X-Window System; overview of open, vendor-neutral standard based on 
client/server model. Socarras, Angel E., + , SPEC Mar 91 52-55 
Computer languages 

selecting tools for developing microcontroller software. Gilmour, Peter S., 
SPEC Feb 91 31-39 

Computer languages; cf. Hardware design languages 
Computer networks 

recent developments in data communication. Rosenblatt, Alfred, SPEC Jan 91 
48-51 

Computer networks; cf. Local area networks; Metropolitan area networks 
Computer operating systems; cf. Software, operating systems 
Computer peripherals 

add-on boards and peripherals for workstations; overview and representative 
sampling. Spectrum Staff, SPEC Apr 91 52-57 

X-Window System; overview of open, vendor-neutral standard based on 
client/server model. Socarras, Angel E., + , SPEC Mar 91 52-55 
Computer peripherals; cf. Microcomputer peripherals 
Computer programming profession; cf. E^cs 
Computers 

brok review; The Devouring Fungus: Tales of the Computer Age (Jennings, 
K.; 1990). Kaplan, Larry, SPEC Dec 91 11-12 

recent developments in minis and mainframes. Zorpette, Glenn, SPEC Jan 91 
40-43 

why it took G. P. Hyatt more than 20 years to patent single-chip computer 
(Legal Aspects). Miller, Joel. SPEC Feb 91 18 
Computers; cf. Distributed computing; Logic circuits; Memories; 

Microcomputers 
Computer security 

brok review; Ethics: Cautionary Tales and Ethical Dilemmas in Computing 
(Forrester, T., and Morrison, P.; 1990). Bynum, Terrell Ward, SPEC Apr 91 
11-12 

book review; Spectacular Computer Crimes (BloomBecker, B.; 1990). 
Courtney, Robert H., Jr., SPEC Jan 91 14 
Computer terminals; cf. Computer peri{4rerals 
Consumer electronics 

recent developments in consumer electronics. Jurgen, Ronald K., SPEC Jan 
91 65-68 

Control systems; cf. Digital control; Industrial control; Manufacturing 
automation 
Coprocessors 

add-on boards and peripherals for workstations; overview and representative 
sampling. Spectrum Staff, SPEC Apr 91 52-57 

math coprocessor uses, characteristics, and selection. Ferguson, Warren E., 
Jr., SPEC Jul 91 3S-dl 
Corporate alliances; cf. International trade 
Cosmology; cf. Astronomy 
Costs; cf. Economics 
Crime; cf. Computer security 


D 

Data acquisition; cf. Measurement-system data handling 
Database management systems 

object-oriented database managonent; charactersitics and CAD application. 
Atwood, Thomas M., SPEC Feb 91 44-47 
Database systems; cf. Information systems 
Database systems, searching; cf. Information retrieval 

Data communication; cf. Aircraft communication; Computer networks; 
Integrated voice/data communication; Local area networks; 
Measurement-system data handling; Metropolitan area networks 
Data compression 

video compression standards and IC chips. Ang, Peng H., + , SPEC Oct 91 
16-19 

Data management; cf. Database management systems 
Data security; cf. Computer security 
Decision-making; cf. Risk analysis 
Decision-support systems 

recent dcveicyments in neural networks, decision technology, engineering 
education, and document interchange./arge/i, Ronald K., SPEC Jan 91 79 
Decision-support systems; cf. Command and control systems 
Design automation 

object-oriented database management; charactersitics and CAD application. 
Atwood, Thomas M., SPEC Feb 91 44-47 
Design automation software 

comments on ‘Affordable analog design’ by I. R. Hines. Roberts, Janet A., 
SPEC Mar 91 16 (Original article, Nov 90 60,62,64,66-67,93) 
logic synthesis for ASICs.Damiano, Robert, + , SPEC Nov 91 26,32-33,60, 
62 

recent developments in software. Spectrum Staff, SPEC Jan 91 36-39 
Design automation software; cf. Hardware design languages 
Design methodology 

more examples of elegant design (Spectral Lines). Christiansen, Donald, 
SPEC Jan 91 21 
Developing nations 

Asiapower (special issue). SPEC Jun 91 24-65 

economic and technological advances of East Asian nations. Balk, Alfred, 
SPEC Jun91 26-29 


Digital-analog devices; cf. Analog circuits 
Digital communication 

digital HDTV characteristics, advantages and implementation problems. 
Jurgen, Ronald K., SPEC Apr 91 28-30,71,73t 
Digital communication; cf. Image communication; Integrated voice/data 
communication 

Digital computers; cf. Computra-s 
Digital control 

selecting tools for developing microcontroller software. Gilmour, Peter S., 
SPEC Feb 91 31-39 

Digital integrated circuits; cf. CMOS integrated circuits; Integrated circuits 
Digital signal processors; cf. Signal processing; Spectral analysis 
Digital transmission; cf. Digital communication 
Disarmament; cf. Aims control 

Displays, human factors; cf. Workstations, human factors 
Distributed computing 

integrated environment for efficient use of workstations. Rachowitz, Bernard 
/., + . SPEC Apr 91 38-40, 43-44, 46,48, 66 
Document handling 

recent developments in neural netwoiks, decision technology, engineering 
education, and document interchange. Jurgen, Ronald K., SPEC Jan 9119 


E 

Economics 

Asiapower (special issue). SPEC Jun 91 24-65 

economic and technological advances of East Asian nations. Balk. Alfred, 
SPEC Jun 91 26-29 

Economics; cf. Business economics; Military economics; Power system 
Education 

comments on ‘Reversing sagging precollege skills in mathematics and 
science’ by K. T. Chen. Stark, Peter A., SPEC Apr 91 6,90 (Original article, 
Dec 90 44-47) 

East Asian nations approach to maintaining competitive edge in technology. 

Rosenblatt, Alfred, + , SPEC Jun 91 49-62 
whether colleges should be suject to antitrust laws in providing financial aid 
(Spectral Lines). Christiansen, Donald, SPEC Jul 91 21 
Education; cf. Engineering education 
Electric cars; cf. Road-vehicle propulsion 
Electric utilities; cf. Power industry 
Electric variables measurement 

comments on ‘Keithley’s phantom repeater: Applying wartime technology’ 
by IEEE Spectrum Staff. Offner, Franklin F., SPEC Feb 91 6 (Original 
article, Dec 9071) 

Electrical engineering 

increasingly abstract nature of electrical engineering (Reflections). Lucky, 
Robert W., SPEC Nov 91 6 
Electrical engineering; cf. Engineering profession 
Electromagnetic analysis 

tools for simulating and analyzing electromagnetic fields. Swanson, Daniel 
G., Jr., SPEC Nov 91 34,36-37,60 
Electromagnetic radiation 

early discoveries in electromagnetism. Ryder, John D., SPEC Oct 91 28 
Electromagnetic radiation effects; cf. Biological radiation effects, 
electromagnetic; Power transmission biological effects 
Electronic mail 

online communication with IEEE Spectrum (Spectral Lines). Christiansen, 
Donald, SPEC Feb 91 2\ 

Electronics industry 

recent developments in solid-state circuits. Watson, George F., SPEC Jan 91 
52-55 

renewal of semiconductor pact by US and Japan (Legal Aspects). Miller, Joel, 
SPEC Oct 91 33 

success of Ericsson, Sweden’s biggest electronics company, in cellular 
telephone market Guterl, Fred, SPEC Feb 91 48-51 
top 20 electrmics companies. Xrp/an, Gadi, SPEC Jan 91 80-81 
ELF radiation effects; cf. Power transmission biological effects 
Employment 

lack of employment for older engineers. Pullen, Keats A., Jr., SPEC Jul 91 16 
Energy management; cf. Load management 
Energy resources 

issues facing US Department of Energy. Zorpette, Glenn, SPEC Mar 9132-33 
obstacles facing adoption of US national energy strategy. Zorpette, Glenn, 
SPEC Mar 91 34-38 
Engineering; cf. Electrical engineering 
Engineering education 

comments on ‘Speakout—Schools miss out on dyslexic engineers’ by W. W. 

Ftey. Austin-Williams.Jaye, SPEC Feb 91 6 {Origina.1 item, Dec 906) 
comments on ‘Speakout—Schools miss out on dyslexic engineers’ by W. W. 

Frey. Geisel, Ritchie L., SPEC Mar 91 16 (Original item, Dec 90 6) 
comments, with reply, on ‘Speakout—Schools miss out on dyslexic 
engineers’ by W. Frey. Paul, Norman R., SPEC May 91 20 (Original item, 
Dec 90 6) 

comments, with reply, on ‘Speakout—Schools miss out on dyslexic 
engineers’ by W. Frey. Daniel, Johns, SPEC May 91 20 (Original item, Dec 
906) 

recent developments in neural networks, decision technology, engineering 
education, and document interchange./argen, Ronald K., SPEC Jan 9119 
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teaching information netwOTking in Carnegie Mellon master’s degree 
program. Hills, Alex, SPEC Oct 91 22-23 
why engineers do not teach mote (Speakout). Kayton, Myron, SPEC Jun 91 
12, 14 

Engineering profession 

comments on ‘Whistle-blowing: Not always a losing game’ by K. Fitzgerald. 

Rossin, A. David, SPEC Apr 91 6 (Original article, Dec 90 49-52) 
engineer’s use of computerized storage and retrieval of technical informatirai 
(Spectral Lines). Christiansen, Donald, SPEC Apr 91 21 
nurturing innovative thinking (Spectral Lines). Christiansen, Donald, SPEC 
Dec 91 21 

profile of Carver A. Mead, blender of science and techtrology. Perry, Tekla S., 
SPEC Dec 91 26-21 

profile of Charles H. Townes, creator of maser. Perry, Tekla S., SPEC Dec 91 
32-33 

profile of Jacob Rabinow, owner of326 patents. Jurgen, Ronald K., SPEC Dec 
97 24-25 

profile of James F. Blinn, computer animator. Watson, George F., SPEC Dec 
9130 

profile of Jdm Cocke, inventor of RISC technology. Jurgen, Ronald K., SPEC 
Dec 91 33-35 

profile of JohnR. Pierce, innovator and science fiction writer. Perry, Tekla S., 
SPEC Dec 91 2S-29 

profile of Jun-khi Nishizawa, Japanese mavaick. Watson, George F., SPEC 
Dec 91 31-32 

profile of Masaru Ibuka, farsighted founder of Sony Corporation. Watson, 
George F., SPEC Dec 91 27-28 

range of abilities among engineers (Reflections). Lircly, Robert W., SPEC Jan 
916 

whether engineers are bom or made (Reflections). Lucky, Robert W., SPEC 
Jut 91 6 

whether there is dearth or glut of engineers (Reflections). Lucky, Robert W., 
SPEC May 91 6 

Engineering profession; cf. Employment 
Engines; cf. Road-vehicle propulsion 
Environmental factors; cf. Air pollutim 
Ethics 

book review; Ethics: Cautionary Tales and Ethical Dilemmas in Computing 
(Forrester, T., and Morrison, P.; 1990). Bynum, Terrell Ward, SPEC Apr 91 
11-12 

legal underpinnings of 1992 European unification (Legal Aspects). Miller, 
Joel, SPEC May 91 12 
Extraterrestrial exploration 

examination of US space program. Bell, Trudy E., + , SPEC Aug 91 18-20, 
45-51 

Extraterrestrial measurements; cf. Astronomical satellites 


F 

Fabrication; cf. Integrated-circuit fabrication 
Factory automation; cf. Manufacturing automation 
FET integrated circuits; cf. CMOS integrated circuits 
Frequency estimation; cf. Spectral analysis 
Fuzzy logic 

recent developments in consumer electronics. Jurgen, Ronald K., SPEC Jan 
91 65-68 

recent developments in industrial electronics. Kaplan, Gadi, SPEC Jan 91 
59-60 


G 

Governmental activities/factors 

book review; Science and the Navy: The History of the Office of Naval 
Research (Sapolsky, Harvy M.; 1990). Morgan, M. Granger, SPEC Feb 91 
11 

DICE, DARPA initiative in concurrent engineering. Reddy, Ramana, + , 
SPEC Jul 91 26-21,30 

East Asian nations approach to maintaining competitive edge in technology. 

Rosenblatt, Alfred, + , SPEC Jun 91 49-62 
issues facing US Department of Energy. Zorpette, Glenn, SPEC Mar 91 32-33 
origins of US Department of Energy ‘culture’ in secrecy and isolation of 
Atomic Energy Commission. Fitzgerald, Karen, SPEC Mar 91 45-47t 
poliUcs of RD«&E organization and funding (Speakout). Sponsler, George C., 
SPEC Apr 91 15-16 

recent developments in telecommunications. Bell, Trudy E., SPEC Jan 91 
44-47 

reducing and reconfiguring US Department of Energy nuclear weapons 
production complex. Fitzgerald, Karen, SPEC Mar 91 39-44 

Governmental activities/factors; cf. Air-traffic control; Arms control; Energy 
resources; United States 

Guideway transportation; cf. Rail transportation 


H 

Hardware design languages 

book review; VHDL (Perry, D.; 1991). Saunders, Larry, SPEC Oct 91 6 


HDTV; cf. TV 
High-definition TV; cf. TV 
History 

biogra{4iy of Ivan A. Getting. Perry, Tekla S., SPEC Apr 91 74-76 

book review; Science and the Navy: The History of the Office of Naval 
Research (Sapolsky, Harvy M.; 1990). Morgan, M. Granger, SPEC Feb 91 
11 

comments on ‘Keithley’s phantom repeater: Applying wartime technology’ 
by IEEE Spectrum Staff. Offner, Franklin F., SPEC Feb 91 6 (Origiiial 
article, Dec 9071) 

early discoveries in electromagnetism./iyder, John D., SPEC Oct 91 28 

history of Laplace transform. Nahin, Paul J., SPEC Mar 91 60t 

invention of CMOS logic circuit by Frank Wanlass. Riezenman, Michael J., 
SPEC May 91 A4 

origins of US Dqraitment of Energy ‘culmie’ in secrecy and isolation of 
Atomic Energy Commissiorc Fitzgerald, Karen, SPEC Mar 91 45-47t 
Home communications systems 

recent developments in consumer electronics. Jurgen, Ronald K., SPEC Jan 
91 65-68 

Hong Kong; cf. Asia 
Human behavior; cf. Psychology 
Human communication 

how to use buzzwords (Reflections). Lucky, Robert W., SPEC Sep 91 6 
Human factors; cf. Computer interfaces, human factors 
Hypertext systems 

book review; Hypertext and Hypermedia (Nielson, J.; 1990). Craver, Thomas 
R.,SPECMar91 11-13 


IEEE 

proposal for change in way IEEE candidate statements are prepared and 
presented (Forum). Chandler, Gerald D., SPEC Jan 91 16 
IEEE; cf. Awards 
IEEE Spectrum 

kudos for two special issues (Spectral Lines). Christiansen, Donald, SPEC 
Aug 91 17 

online communication with IEEE Spectrum (Spectral Lines). Christiansen, 
Donald, SPEC Feb 91 21 

use of SI units in future issues of IEEE Spectrum (Spectral Lines). 
Christiansen, Donald, SPEC May 91 25 
Image coding 

video compression standards and IC chips. Ang, Peng H., + , SPEC Oct 91 
16-19 

Image communication 

TV coverage of Persian Gulf War. Condry, John, SPEC Sep 91 47-48, 66 
Image communication; cf. Image coding 

priorities for technology growth seen by leaders of seven East Asian nations. 
Perry, Tekla S., + , SPEC Jun 91 63-65 
Industrial control 

recent developments in industrial electronics. Kaplan, Gadi, SPEC Jan 91 
59-60 

Industrial control; cf. Manufacturing automation 
Information retrieval 

engineer’s use of computerized storage and retrieval of technical information 
(Spectral Lines). Christiansen, Donald, SPEC Apr 9121 
Information retrieval; cf. Hypertext systems 
Information systems 

teaching information networking in Carnegie Mellon master’s degree 
program. Hills, Alex, SPEC Oct 91 22-23 
Infrared communication; cf. Optical fiber communication 
Innovation; cf. Technological iimovation 
Inspection 

recent developments in industrial electronics. Kaplan, Gadi, SPEC Jan 91 
59-60 

Integrated-circuit design 

logic synthesis for ASICs. Damiano, Robert, + , SPEC Nov 91 26, 32-33,60, 
62 

Integrated-circuit design; cf. Hardware design languages 
Integrated-circuit fabrication 

recent developments in solid-state circuits. Watson, George F., SPEC Jan 91 
52-55 

revival in optical lithography due to continuing advances in technology. 
Flores, Gary E., + , SPEC Oct 91 24-27 
Integrated-circuit testing 

recent developments in test and measurement. Fitzgerald, Karen, SPEC Jan 
91 56-58 

Integrated circuits 

creating prototype for high-performance, low-cost workstation; design 
process and effect ofIC choice. 77ornmg,/?o6ert/., + ,SPECApr91 58-62, 
64-65,68 

Integrated circuits; cf. Analog integrated circuits; Application-specific 
integrated circuits; CMOS integrated circuits 
Integrated circuits industry; cf. Electronics industry 
Integrated services digital networks 

recent developments in data communication. Rosenblatt, Alfred, SPEC Jan 91 
48-51 


+ Check author entry for coauthors 
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Employment o p portunities 

Organizations seeking engineers and 
scientists describe their various open¬ 
ings in the foiiowing advertising 
section 

In order to conform to the Age Discrimination in Empioy- 
ment Act and to discourage age discrimination, iEEE may 
reject any advertisement containing any of these phrases 
or simiiar ones, “recent coiiege grads,” "1-4 years maxi¬ 
mum experience," "up to 5 years experience," or "10 years 
maximum experience." iEEE reserves the right to append 
to any advertisement, without specific notice to the adver¬ 
tiser, “Experience ranges are suggested minimum require¬ 
ments, not maximums.” iEEE assumes that, since advertisers 
have been notified of this poiicy in advance, they agree that 
any experience requirements, whether stated as ranges or 
otherwise, wiii be construed by the reader as minimum re¬ 
quirements oniy. Whiie iEEE does not ban the use of the 
term “entry ievei," its use is discouraged since, to some, 
it connotes an age rather than an experience designation. 
iEEE accepts empioyment advertising to apprise its mem¬ 
bers of opportunities. Interested parties should be aware that 
the political and humanistic values of certain advertisers may 
differ from their own. IEEE encourages employers to offer 
salaries that are competitive, but occasionally a salary may 
be offered that is significantly below currently acceptable 
levels. In such cases the reader may wish to inquire of the 
employer whether extenuating circumstances apply. 


CLASSIFiED 


ADVERTISING RATES 

DISPLAY ADVERTISING RATES-call Speck/m at 

2127057579 

CLASSIFIED 

Positions open— $36.00 per line, not agency- 
commissionable 

Positions wanted— $3600 per line, a 50% discount 
for IEEE members who supply their membership num¬ 
bers with advertising copy 

All classified advertising copy must be received ty the 
25th of month, two months preceding date of issue 
No telephone orders accepted. For further information 
contact Theresa Fitzpatrick, 2127057570 
The following listings of interest to IEEE members have 
been placed by educational, government, and industri¬ 
al organizations as well as by individuals seeking posi¬ 
tions To respond, apply in writing to the address given 
or to the box number listed in care of Spectrum Maga¬ 
zine, Classified Employment Opportunities Department, 
345 E. 47th St., New m, NY 10017 


Arizona State University seeks Scien¬ 
tist/Engineer to manage the staff and opera¬ 
tions of the research laboratories of the Center 
for Solid State Electronic Research. The Center 
is a shared resource research center in the Col¬ 
lege of Engineering at Arizona State Universi¬ 
ty. Laboratories in the Center include a 4000 sq. 
ft. clean room, semiconductor processing 
equipment, MBE laboratory, optical characteri¬ 
zation and electrical characterization labs, X- 
ray topography, SEM’s, mask making facility, 
and a computational microelectronics labora¬ 
tory. Research and teaching opportunities are 
also available. Requires Ph.D. degree in electri¬ 
cal engineering or physics, with 3 years ex- 


Academic Positions Open 


perience in directly relevant field. Applicant 
must be directly familiar with semiconductor 
processing and cleanroom facilities, and have 
characterization experience. Salary negotiable 
depending upon experience and qualifications. 
Application deadline November 15,1991, or on 
the 15th monthly until filled. Send resume to Dr. 
L. Akers, Director, Center for Solid State Elec¬ 
tronics Research, Arizona State University, 
Tempe, AZ 85287-6206. Arizona State Universi¬ 
ty is an equal opportunity, affirmative action 
employer. 


Faculty Position in Devices-Caltech. The Elec- 
rical Engineering program at Caltech invites 
pplications for a tenure-track position as as- 
-istant professor. The term of the initial ap¬ 
pointment is normally four years, and Is contin¬ 
gent on completion of Ph.D. requirements. Ex¬ 
ceptionally well qualified applicants may also 
be considered at the assistant for full profes¬ 
sor level. Candidates with interests in electron¬ 
ic, magnetics, acoustic, optical, or supercon¬ 
ducting devices, and sensors, are encouraged 
to apply. We are seeking a highly qualified can- 




Share The Spirit 
of Global Success 


We Are At GE Medical Systems diere is a unique spirit. It is the feeling that 

comes when you are a true global leader and innovator in state-of- 
the-art medical diagnosdc systems. 

Our people are part of that spirit. Smart. Proud. Thinkers and 
Doers working with an elite group in the evoludon of diagnosdc 
imaging systems. 


We Need pet cyclotron service support engineer 

Provide technical support for the expanding North American 
installed base of cyclotron and PET chemistry systems. Resolve 
product issues with service, engineering or manufacturing resources. 
Plan/supervise installadon, calibradon and service problems. 

Develop field engineer training and product documentation; 
support user personnel in cyclotron system operation and 
maintenance. 

Requires BS/MS Engineering/Physics and three or more years of 
experience in cyclotron or particle accelerator operation and service. 
Service documentation development or field service experience, as 
well as an understanding of cyclotron system chemistry is desired. 

SENIOR PHYSICIST, MR/RF 

Develop new approaches to RF signal detection (coils, electronics 
and signal processing), including the design and protore of 
multiple component MR receiver coils for specific medical imaging 
applications. The technical activity is conducted in collaboration 
with other scientists developing new magnetic resonance imaging 
techniques, and provides the opportunity to explore innovative ideas 
for magnetic resonance signal processing. 

Requires. Ph.D. EE, Physics/Medical Physics, and practical 
experience in applied RF electro-magnetics and RF technology for 
magnetic resonance imaging, as well as familiarity with magnetic 
resonance physics and the ability to demonstrate innovative technical 
achievements. 


How To 
Reply 


GE’s highly competitive salary and benefits befit an industry leader. 
Please send resume in strict confidence to: CSS/MR, GE Medical 
Systems, P.O. Box 414, W-407, Milwaukee, WI 53201. RepUeswittbe 
made, xvidiin 30 days, to candidates of interest only. 



GE Medical Systems 


An Equal Opportunity Employer 
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dIdate who is committed to a career in research 
and teaching, interested appiicants should sub¬ 
mit a resume with the names and mailing ad¬ 
dresses of at least three references to Profes¬ 
sor David Rutledge, Department of Electrical 
Engineering, California institute of Technology, 
Pasadena, CA 91125. Caltech is an Equal Oppor¬ 
tunity/Affirmative Action Employer. Women and 
minorities are encouraged to apply. 

The Mechanical Engineering Department at 

Carnegie Mellon University invites applications 
for tenure-track positions at the Assistant 
Professor level commencing September 1992 in 
the following areas: 1. Robotics and Controls 
(2), 2. Solid Mechanics (1). One of the controls 
positions is joint with the Robotics Institute at 
Carnegie Mellon. Applicants must have a Ph.D. 
in Mechanical Engineering (or closely related 
field). Duties include teaching undergraduate 
and graduate courses, and research. Appoint¬ 
ments at a higher rank will be considered for 
qualified applicants having a proven record of 
grant support. Submit application, complete re¬ 
sume, and names of three references to Profes¬ 
sor G.B. Sinclair, Mechanical Engineering 
Department, Carnegie Mellon University, 
Schenley Park, Pittsburgh, PA 15213-3890. Clos¬ 
ing date for applications is January 31, 1992. 
Carnegie Mellon University is an affirmative ac¬ 
tion/equal opportunity employer. 

University of Illinois at Chicaga Instructorships 
and tenure-track faculty positions in electrical 
engineering and computer science at both the 
junior and senior level are available. Rank and 
salary commensurate with qualifications. An 
earned Doctorate in EE or CS must be complet¬ 
ed by date of appointment, but not for the in¬ 
structorships. Demonstrated teaching and re¬ 
search abilities are highly desirable. For full 
consideration, please send resume, list of pub¬ 
lications, and the names of at least three refer¬ 
ences by April 30, 1992 to Dr. Wai-Kai Chen, 
Head, Department of Electrical Engineering 


and Computer Science (M/G 154), University of 
Illinois at Chicago, RO. Box 4348, Chicago, IL 
60680. The University of Illinois is an Affirma¬ 
tive Action/Equal Opportunity Employer. 

Electrical Engineering: The University of Port¬ 
land seeks candidates for tenure track posi¬ 
tions at the rank of Assistant/Associate Profes¬ 
sor. Dedication to excellence in teaching is es¬ 
sential. Ph.D. in Electrical Engineering is re¬ 
quired. The candidates are expected to teach 
undergraduate and graduate courses and to 
conduct professional activities in at least one 
of these areas: Microelectronics, VLSI design. 
Communication Systems, Optics and Optoelec¬ 
tronics. Send resume and names of at least 
three references to Dr. Aziz S. Inan, Chair, Elec¬ 
trical Engineering, University of Portland, 5000 
N. Willamette Blvd., Portland, OR 97203. 
(503)283-7314. An affirmative aotion/equal op¬ 
portunity employer. 

The Bradley Department of Electrical Engineer¬ 
ing of Virginia Polytechnic Institute and State 
University invites applications for several ten¬ 
ure track faculty positions. Greatest needs are 
in the areas of communications with emphasis 
on high frequency electronics, computers, fiber 
optics, and signal processing. Consideration 
will be given to applicants in all areas at the As¬ 
sistant and Associate Professor level. Appli¬ 
cants must have an earned doctorate, be in¬ 
terested in undergraduate and graduate teach¬ 
ing, and be willing to secure research sponsor¬ 
ship. Virginia Tech is Virginia’s land grant 
university offering degrees through the Ph.D. 
Send complete resume with references and em¬ 
ployment/citizenship status to: Prof. W.L Stutz- 
man. Chairman, Faculty Search Committee, 
Bradley Department of Electrical Engineering, 
Virginia Tech, Blacksburg, VA 24061-0111. Appli¬ 
cations will be accepted until April 15,1992, or 
until suitable candidates are selected. Virginia 
Tech is an Equal Opportunity/Affirmative Action 
Employer and welcomes applications from 
minorities and women. 

Southern Methodist University, School of En¬ 
gineering and Applied Science. Department 


Chair, Computer Science and Engineering. 
Nominations and applications are invited for 
the position of Professor and Department Chair 
of the Department of Computer Science and En¬ 
gineering at Southern Methodist University. Ap¬ 
plicants must have a Ph.D. in Computer En¬ 
gineering, Computer Science, or a related dis¬ 
cipline. Candidates must have demonstrated 
excellence in research with a substantial grant 
record and a strong commitment to teaching. 
It is anticipated that the position will be filled 
by August, 1992. SMU is a private university in 
Dallas, Texas with approximately 8,000 stu¬ 
dents. CSE is In the School of Engineering and 
Applied Science, where a close working rela¬ 
tionship exists with the Department of Electri¬ 
cal Engineering. The department is growing and 
presently has fourteen faculty positions. CSE 
presents a balanced program of research and 
education at all levels and has been offering 
Ph.D. degrees since 1970. The department has 
extensive contacts with computer and tele¬ 
communications related industrial organiza¬ 
tions. The Dallas area is traditionally distin¬ 
guished as one of the top five centers for high 
technology complemented by the presence 
nearby of the Superconducting Super Collider. 
Applicants should send a complete resume, in¬ 
cluding the names of three references to: 
Professor Ian Gladwell, Chair, CSE Search Com¬ 
mittee, 208 Clements Hall, Southern Methodist 
University, Dallas, TX 75275. SMU is an equal 
opportunity/affirmative action. Title IX employ¬ 
er. Applications from women and minorities are 
particularly encouraged. Applications will be 
accepted until February 1, 1992. 

Head, Dept, of Electrical and Computer En¬ 
gineering Carnegie Mellon University. Nomina- 
tions/Applications are invited for the position 
of the Head of the Department of Electrical and 
Computer Engineering at Carnegie Mellon 
University. Currently, the department has 35 
faculty members, 160 Ph.D. students, 90 M.S. 
students, and 400 undergraduate students. 
With a newly developed, highly flexible B.S. de¬ 
gree program in Electrical and Computer En¬ 
gineering, the department Is a leader in en¬ 
gineering curricular reform and innovation. The 



SSC Laboratory 

Superconducting Super Collider Laboratory*' 

We’re about to change the way we look at the universe. 

The SSCL, located just south of Dallas, Texas, is rapidly moving to become the premier center of particie physics 
research in the worid. Major activities at the SSCL inciude design and construction of the 20 TeV proton coiiider 
and its associated complex of accelerators and detection apparatus as well as research in particie physics. 

As part of the SSCL team of scientists, engineers and computer scientists, you’ii be doing work which wiii have 
incaicuiabie consequences for the future of science and technology, as well as the growth of human knowledge. 


ASSOCIATE DIRECTOR: 

We seek an exceptional scientist with management experience to 
provide strong leadership as Division Head of the newiy established 
Computing Division. The Computing Division, at the forefront of 
scientific computing hardware and software, provides leadership, 
guidance and planning for scientific computing policy and environ¬ 
ments; develops, operates and maintains central computing re¬ 
sources, support operations of distributed facilities and establishes/ 
maintains the laboratory computer networking system. The Divi¬ 
sion Head should have experience with currently available main¬ 
frames & workstations, as well as UNIX, VMS and PC operation 
systems. Additionally this Division will do research and develop¬ 
ment in computing methodology, techniques and software relevant 
to the anticipated needs of its users. Division staff will be the contact 
points for joint development projects with industry and university 
groups. The Division Head, reporting to the Laboratory Director, will 
manage and lead a current staff of 75 people which is expected to 
increase to 100-r over time. 


COMPUTING DIVISION 

The Superconducting Super Collider invites applications from 
outstanding candidates with an advanced degree, preferably a PhD 
in Physics or Computer Science, who have had significant experi¬ 
ence with computing as practiced in a particle physics research 
environment, along with management and supervisory experience. 


To Apply: Send Complete Resume and Salary History 
Fax; 214-708-5592 
Mail: SSC Laboratory 
2550 Beckleymeade Ave. 

MS-2050 / 3438-LB 
Dallas, Texas 75237 


An Equal Opportunity/Affirmative Action Employer. 
As always the SSCL strongly encourages minorities 
and female candidates to appiy. 
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Hofseywell lAC, 1986 Hopi Pattern Mathematics, 6th century 


Program sponsors include 
Motorola (G EG, SPS), 
Honeywell (CFSG, lAC, 
and SSO), Intel, McDonnell 
Douglas Helicopter and 
U.S. West Small Business 
Services. They’re helping 
engineers like Susan 
Ferreira invest in the future. 



Intel, 1991 ' SinaguanMetate Manufacturing, 13th century 


As an Industrial Fellow 
at ASU, Mike Wall earned 
his master’s degree 
while working for a major 
corporation. It’s a unique 
opportunity, continuing a' 
tradition of engineering 
excellence that began here 
hundreds of years ago. 



In the next two years, 

Kim Greene will be able 
to complete an advanced 
degree and earn over 
$50,000 in salaries, awards 
and benefits. She’ll also 
participate in 6ne of the 
•nation’s top leadership 
development programs for 
engineers.” 


Opportunities are available fn computer science, 
or chemical, electrical, industrial or mechanical 
engineering. U.S. citizenship required. 

Call 602-965-2276 

or write for more information. 

1992 program applications are due by 
November25,1991 (early bird) or 
January 6,1992 (final). 



Industrial Fellows Program 

ARIZONA STATE UNIVERSITY 

College of Engineering and Applied Science?. 
Tempe, Arizona 85287-7406 
(602) 965-2276 FAX (602) 965-2267 


Arizona State University vigorously pursues affirmative action and equal opportunity In its employment, activities, and programs. 





Electrical 

Engineer 


Brookhaven National Laboratory's Relativistic 
Heavy Ion Collider (RHIC) Projecthasa challenging 
opportunity for an Electrical Engineer. RHIC will be 
a world-class particle accelerator where re¬ 
searchers will study fundamental properties of 
matter under conditions that have not yet existed 
since the beginning of the universe. 
Requirements include a BS/MSEE and a minimum 
of 10 years' experience in the design of computer- 
based acquisition arvd control systems. Proficiency 
in both hardware and software aspects of these 
systems required. Background in IEEE-488 based 
Instrumentation and experience with high current 
precision power supplies are required; knowledge 
of CAD and circuit analysis programs is a plus. 
Brookhaven offers a superior working environment 
and excellent benefits. Please send your resume, 
referring to position #NS0945S, to Nancy L. Sobrito, 
Brookhaven National Laboratory, Associated Uni¬ 
versities, Inc., Personnel Division - Bldg. 185, Upton, 
NY 11973. Equal opportunity employer M/F/H/V. 


lull brookhaven 

■■f 5 5" NATinNAI I ARfl 


Dean 

School of Engineering 

The University of Dayton invites appiications and nominations for the po¬ 
sition of Dean of the Schooi of Engineering. The University is seeking 
to fiii this position by Juiy 1, 1992. 

The University: The University of Dayton, a Cathoiic co-educationai in¬ 
stitution founded by the Society of Mary (the Marianists) in 1850, offers 
a wide variety of undergraduate programs as weii as numerous master 
and severai doctorai programs. The University enroiiment ot neariy 11,000 
students inciudes over 6,000 fuii-time undergraduates. 

The Position: The Schooi of Engineering has programs in undergradu¬ 
ate engineering and engineering technoiogy and both master and doctor¬ 
ai programs in engineering with a totai enroiiment of 1,800. The Dean 
is to provide ieadership for a schooi that is committed to exceiience in 
teaching, research, schoiarship, and service to the community. 

Qualifications: Candidates for the position shouid possess the back¬ 
ground required for a tenured professorship within the Schooi. This in¬ 
ciudes an earned doctorate, evidence of schoiariy and research 
accompiishments, demonstrated teaching effectiveness at both the un¬ 
dergraduate and graduate ieveis, and a record of externai financiai sup¬ 
port for research and/or educational purposes. Candidates should also 
have experience in administration in which they developed and demon¬ 
strated leadership, managerial, and communicative skills. 

Nominations and Appiications: Applications should include: 1) a letter 
briefly detailing accomplishments in the area of academic administration, 
research and teaching, 2) a completed curriculum vitae and 3) names 
of three references. The University seeks the applications of minorities 
and women. Please submit applications and nominations by January 20, 
1992. Nominations and applications should be mailed to: Dr. James A. 
Snide, Chair, Search Committee for Dean, School of Engineering, Box 1634, 
University of Dayton, Dayton, Dhio 45469-1634 


The University of Dayton 

The University ot Dayton is an Equal Opportunity/Affirmative Action Employer 
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CLASSIFIED 


department has an annual research budget of 
$13.5 million and is home to: an NSF Engineer¬ 
ing Research Center in Data Storage Systems, 
the SRC-CMU Research Center for Computer- 
Aided Design, the Pennsylvania SEMATECH 
Center of Excellence (SCOE) for Rapid Yield 
Learning, the Center for Excellence in Optical 
Data Processing (CEODP), the Center for De¬ 
pendable Systems (CDS), the Laboratory for Au¬ 
tomated Systems and Information Processing 
(LASIP), and a concentrated research effort in 
Solid State Materials and Devices. The depart¬ 
ment also has strong research ties to the 
School of Computer Science, the Robotics In¬ 
stitute and the other CMU NSF Engineering Re¬ 
search Center, the Engineering Design Re¬ 
search Center (EDRC). The research facilities 
available include extensive computational facil¬ 
ities including access to several supercom¬ 
puters at the Pittsburgh Supercomputing Cen¬ 
ter, a 4000-square feet class 100 clean room, re¬ 
cently renovated Solid State Research Labora¬ 
tories, Data Storage Systems laboratories as 
well as Optical and Digital Processing labora¬ 
tories. The successful candidate should have 
an earned Ph.D. in Electrical/Computer En¬ 
gineering or related fields, an internationally 
recognized research stature and the experience 
and abilities to lead the teaching and research 
excellence of the department. Nomina¬ 
tions/Applications, along with a vita and the 
names, addresses and phone numbers of three 
references should be sent to: Professor B.V.K. 
Vijaya Kumar, Chairman, ECE Department 
Head Search Committee, Department of Elec¬ 
trical and Computer Engineering, Carnegie Mel¬ 
lon University, Pittsburgh, PA 15213-3890. The 
search committee will consider all applications 
and nominations received up to February 1, 
1992. Carnegie Mellon University is an 
affirmative-action, equal opportunity employer. 
Gonzaga University in Spokane, Washington is 
seeking a faculty member with expertise in the 
areas of Electro-magnetics, Electronics and 
materials. Responsibilities include teaching in 
an ABET accredited BSEE program and an 
MSEE program. Preference will be given to an 
individual with some industrial design ex¬ 
perience. An appointment will be made at the 
assistant or associate professor level unless 
the preferred candidate is exceptionally well 
qualified. Only permanent residents and 
citizens of the United States will be considered. 
Candidates must have or have nearly complet¬ 
ed a Ph.D. degree by the appointment date. Gon¬ 
zaga University is a Catholic, Jesuit institution 
with a commitment to teaching humanistic 
values to develop the whole person. The attrac¬ 
tive, growing campus is set in an area of scenic 
beauty in the Inland Northwest. Send resume 
and list of three references to Dr. R.A. Birgen- 
heier. Chairperson, Department of Electrical En¬ 
gineering, Gonzaga University, 502 E. Boone St., 
Spokane, WA 99258. Screening of applicants 
will begin January 2,1992 and the expected ap¬ 
pointment date is August 30,1992. Gonzaga is 
an Equal Opportunity/Affirmative Action Em- 

Loyola College In Maryland: The Department of 
Electrical Engineering and Engineering 
Science has a tenure-track position at the as¬ 
sistant professor level available Fall 1992. Can¬ 
didate should have a Ph.D. in Electrical/Com¬ 
puter Engineering and a commitment to excel¬ 
lence in teaching as well as continuing re¬ 
search. Experience in digital systems, control 
theory, and engineering design is desired, al¬ 
though qualified applicants in other areas will 
be considered. The Department offers an ABET- 
accredited Bachelor of Science in Engineering 
Science Degree with concentrations in electri¬ 
cal science, digital science, and materials 
science. The Department is in the process of de¬ 
veloping a Bachelor of Science in Electrical En¬ 
gineering Degree program; the first BSEE 
degrees were awarded in May 1991. In addition, 
the Department jointly offers, with the Com¬ 
puter Science Department, a graduate program 
leading to a Master of Engineering Science with 
concentrations in electrical engineering, com¬ 
puter engineering, and computer science. Loyo¬ 
la College is a private, comprehensive universi¬ 
ty, with a strong tradition in the liberal arts and 
is located in suburban Baltimore. Send resume 


Power Systems Analysts 


Come grow with us ... itynamic expansion 
creates exciting career opportunities 



Harris Corporation, with sales of over $3 billion, is a producer of 
state-of-the-art information processing, office automation, 
communication and microelectronic products for the 
worldwide information technology market. Harris' Controls and 
Composition Division, located in Melbourne, Florida is 
experiencing continued growth creating additional positions in 
which you can combine fast-paced, sophisticated technology 
with the warm and relaxed lifestyle of Florida's Space Coast. 

For more than half a century, we have been irivolyed in the 


You will be responsible for designing and implementing state-of-the-art software in a 
real-time EMS environment, To qualify, you should possess a BS or MS degree in 
Electrical Engineering with experience in one or more of the following: 


* Power Flow Analysis * Generation Planning 

* Transmission Planning * State Estimation 

* Network Reduction * Optimal Power Flow 


In addition to a superior compensation/benefits package, a career with us offers the 
many advantages of Florida iiving including affordable housing, ideal climate and no 
state income tax. To learn more about these exciting opportunities for personal and 
professional growth, please forward your resume with salary history to Lisa Dolan, Harris 
Controls and Composition Division, Dept. IEEE, P.O. Box 430, Melbourne, Florida 32902. 
We are an equal opportunity employer M/F/H/V. 



HARRIS 


DEAN 

COLLEGE OF ENGINEERING 
THE UNIVERSITY OF IOWA 

The University of Iowa invites applications and nominations for the position of Dean of the College 
of Engineering and particularly encourages the applications of women and minorities. 

The College of Engineering is one of ten colleges of The University of Iowa, a comprehensive research 
university. The College comprises six departments: Biomedical Engineering, Chemical and Biochemical 
Engineering, Civil and Environmental Engineering, Electrical and Computer Engineering, Industrial 
Engineering and Mechanical Engineering. The 74 faculty are responsible for $8.9M in research projects 
sponsored by private industry and state and federal agencies. Substantial multidisciplinary research 
is conducted with faculty in the Colleges of Liberal Arts, Medicine and Dentistry in such nontradi- 
tional areas as biocatalysis, global environment, and photonics. A history of interdepartmental research 
is evidenced by the Iowa Institute of Hydraulic Research and the Centerfor Computer Aided Design, 
founded in 1928 and 1983 respectively. The ICAEN network of 300 workstations and personal com¬ 
puters provides unique opportunities for interdisciplinary faculty and student interaction. 

The educational mission of the College—providing a personalized, high quality education for its 
1200 undergraduate and 400 graduate students—is enhanced by the rich environment of Iowa City, 
a progressive community with a unique blend of Midwest culture and the University's liberal arts 
tradition. 

The Dean of Engineering reports to the Vice President of Academic Affairs and is responsible for 
providing vision and the strategic planning necessary to achieve that vision for the College. The 
Dean should possess strong administrative and advocacy skills; expect and enjoy interaction with 
students and alumni; facilitate the generation and support of programs with government and busi¬ 
ness entities; recognize and build upon the College’s particular strengths; and have a record of 
commitment to increasing diversity among students, faculty and staff. The successful candidate 
will have the academic qualifications equivalent to those of a tenured full professor in the College. 

The position is available 1 July 1992; the Search Committee will accept nominations and applica¬ 
tions until the position is filled. Applicants should send a curriculum vitae and the names, address¬ 
es and telephone numbers of four references to: 

Prof. Forrest M. Holly, Jr., Chair 
Engineering Dean Search Committee 
The University of Iowa 
111 Jessup Hall 
Iowa City, lA 52242 
(319) 335-5229 

The University of Iowa is an equal opportunity and affirmative action employer. 


IEEE SPECTRUM DECEMBER: 


50E 
























The Perfect Environment 
for an Engineering Career. 

For over four decades, Los Alamos National Laboratory has challenged the frontiers of 
science, combining basic sciences with engineering and technological advances. As 
one of the largest multidisciplinary, multiprogram national laboratories in the U.S., we 
can offer you challenges and rewards that will provide both career and personal 

development. 


We*re Los Alamos, 


Safety Engineer - Electrical 

As a technical staff member, you will consult/advise scientific, engineering and 
technical personnel on safety activities and projects to ensure maximum safety for 
employees and property, in addition, you will assist with developing/maintaining/ 
evaluating safety programs for internal and external personnel; prepare written reports 
on findings, recommendations and risk assessment; and participate in safety audits. 
Other responsibilities include surveying Laboratory facilities and procedures to ensure 
compliance with Federal, State and local safety codes, standards and regulations. 

To qualify, you must have professional experience as a Safety Engineer, preferably at 
an R&D facility. Experience in high voltage/high power electrical safety, the applica¬ 
tion of the National Electrical Code to unique situations, accident investigations and 
design reviews desired. Knowledge of Federal, State and local safety codes, DOE 
Orders and consensus standards preferred. Bachelor’s or Master’s degree in Electrical 
Engineering or the equivalent combination of education and experience required. P.E. 
and Certified Safety Professional or eligibility for certification desired. 

To formally apply for this position, interested candidates should forward a resume to 
Chuck Pacheco (MS P280), Personnel Services Division 10239-AG, Los Alamos 
National Laboratory, Los Alamos, NM 87545. Affirmative Action/Equal Opportunity 
Employer. “Q" Security Clearance desired. 


Los Alamos 

NATIONAL LABORATORY 



Telecommunications Techniques Corporation (TTC) is setting the standard for telecommunications 
test instrument markets all over the world. Our entrepreneurial spirit has created some of the most 
innovative and effective products the industry has seen, like our T-BERD and FIREBERD analyzers. 
Now you can help us grow and share in our success. If you are an engineering professional ready 
to work for a company committed to excellence, selling proven products that you can believe In, 
you may be a candidate for our sales engineering training program. After successful completion of 
training at our Corporate Headquarters in Germantown, MD, you will be assigned to a sales office 
In one of the following locations: Chicago, Boston, St. Louis, Dallas, Los Angeles, San Francisco, 
Atlanta, New York/New Jersey or Germantown. As a TTC sales engineer, you will be responsible for 
direct selling, rep support, generating leads, making presentations, new product training, and ap¬ 
plications engineering within your district. You will need a BSEE degree with strong technical and 
interpersonal skills, as well as the ability to relocate. Entry-level candidates with telecommunications 
engineering backgrounds wiil be considered. 


Corporation, Dept. CD, 20400 
Observation Dr., Germantown, MD 
20S76. 


El 


Telecommunications 

Techniques 

Corporation 


A DYNATECH COMPANY 


. . . Expect Excbllbnce 


CLASSiFiED 


to: Dr. Paul Coyne, Jr., Chair, Department of 
Electrical Engineering and Engineering 
Science, Loyola College, 4501 N. Charles Street, 
Baltimore, MD 21210-2699. EOE. 

San Jose State University Electrical Engineer¬ 
ing Department. Applications are invited for 
entry-level tenure-track faculty positions at the 
Assistant Professor rank. Positions are availa¬ 
ble in computer and multiprocessor design, 
microprocessor applications; microelectronic 
VLSI/ULSI circuit design; semiconductor 
devices and technologies; circuits, systems and 
computer communications networks. Earned 
doctorate in Electrical Engineering Is required. 
Positions are limited to U.S. citizens or perma¬ 
nent residents. Research, consulting and sum¬ 
mer employment opportunities are available. 
The University is the oldest and one of the 
largest In the California State University Sys¬ 
tem. It Is located at the southern end of San 
Francisco Bay in the heart of Silicon Valley. Re¬ 
sume and names and addresses of three refer¬ 
ences should be submitted to Dr. Ray R. Chen, 
Chair, Department of Electrical Engineering, 
San Jose State University, San Jose, California, 
95192-0084. San Jose State University is an 
equal opportunity/affirmative action/Tltle IX 
employer. Women and minorities are especial¬ 
ly encouraged to apply. 

The Department of Electrical Engineering and 

Computer Engineering invites applications for 
several anticipated tenure-track faculty posi¬ 
tions. Applicants at all ranks will be considered. 
Starting dates are negotiable with preference 
given for fall 1992. Primary needs are for 
specialization in the areas of communications, 
signal processing, controls, computer net¬ 
works, distributed computing, data communi¬ 
cations, microelectronics and VLSI design. 
Responsibilities include teaching, research and 
outreach. Salary and rank are commensurate 
with qualifications and experience. Require¬ 
ments include a doctorate degree with a 
demonstrated potential for success in research 
and a commitment to teaching. Applicants 
should send a resume with a statement of 
teaching, research, and outreach interests, as 
well as a list of at least three (3) references to: 
Chairman, Faculty Search Committee, Depart¬ 
ment of Electrical Engineering and Computer 
Engineering, Iowa State University, Ames, Iowa 
50011. Iowa State University is an Equal Oppor¬ 
tunity/Affirmative Action Employer. 

Lehigh University—Department Chairperson 

with Endowed Professorship. Nominations and 
applications are invited for the position of 
Chairperson and Chandler-Weaver Professor of 
the Department of Computer Science and Elec¬ 
trical Engineering, College of Engineering and 
Applied Science. We are seeking candidates 
with a record of distinction in university teach¬ 
ing and research and a devotion to quality un¬ 
dergraduate and graduate education. The suc¬ 
cessful candidate must have a demonstrated 
potential for academic administration and 
leadership, and have a strong commitment to 
furthering the research endeavor in the Depart¬ 
ment and to building a nationally recognized 
graduate program. The Department offers B.S. 
and M.S. degrees In Electrical Engineering, 
Computer Engineering, and Computer Science; 
and Ph.D. degrees in Electrical Engineering and 
in Computer Science. It is the largest depart¬ 
ment in the College of Engineering and Applied 
Science and awards annually about one third 
of Lehigh’s engineering degrees at the under¬ 
graduate and graduate levels. The University Is 
located in eastern Pennsylvania, a short dis¬ 
tance from New York City and Philadelphia. The 
position will be available at the start of the 1992- 
1993 academic year. Please send application 
(with at least three references) or nominations 
addressed to Professor Kenneth K. Tzeng, 
Search Committee Chairperson, Department of 
Computer Science and Electrical Engineering, 
Packard Laboratory #19, Lehigh University, 
Bethlehem, PA 18015. Lehigh University is an 
Equal Opportunity/Affirmative Action Employer. 

Electrical and Computer Engineering, Faculty 
Positions -Penn State. Applications are invited 
for several tenure-track faculty positions in the 
Department of Electrical and Computer En- 
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B ineering at The Pennsylvania State University. 

andidates should have a Ph.D. in Electri¬ 
cal/Computer Engineering or a related dis¬ 
cipline, ability to establish a strong research 
program, and a desire to teach at both the un¬ 
dergraduate and graduate levels. Although can¬ 
didates in all areas will be considered, the fol¬ 
lowing areas will receive priority consideration: 
computer engineering (especially software), 
electromagnetics, space science, electro¬ 
optics, electronic materials and power systems. 
The Department of Electrical and Computer En¬ 
gineering at Penn State currently has over 50 
faculty, 800 junior and senior level students, and 
280 graduate students. Funded research is 
being conducted in many areas, including: Elec¬ 
tromagnetics; Electro-optics; Signal Process¬ 
ing; Computer Hardware, Software, and Appli¬ 
cations; Power; Electronic Materials; Commu¬ 
nications; Control and Robotics. Please send 
resumes and cover letters, with names, ad¬ 
dresses and phone numbers of at least three 
references, to: Personnel Committee, Depart¬ 
ment of Electrical and Computer Engineering, 
Box IEEE, 129 EE East, The Pennsylvania State 
University, University Park, PA 16802. Applica¬ 
tions received by January 31, 1992 will be as¬ 
sured of consideration; however, applications 
will be considered until the positions are filled. 
An Affirmative Action/Equal Opportunity Em¬ 
ployer. Women and Minorities Encouraged to 
apply. 


RESEARCH ENGINEERS 

Immediate opportunity for ELECTRICAL ENGINEERS with strong 
research skills in the following areas: 

• Simulation and Modeling of Radar/IR Systems and 
Signatures 

• C & FORTRAN Scientific Programming on Unix Platforms 
Successful candidates will also possess experience and knowledge in: 

• Probability Theory/Statistics/Time Series Analysis 

• Decision Theory/Statistical Pattern Recognition 

• Control/Communications/Systems Theory 

• Supercomputing on Vector/Parallel CPUs 

M.S. plus 2 years experience. Ph.D. preferred. Must be eligible for DoD 
clearance. 

We offer an attractive compensation package and an excellent professional 
environment. Send your resume in confidence to Faye DeProspero at: 


Western Michigan University; computer en¬ 
gineering/design. The Department of Electrical 
Engineering invites applications for two antic¬ 
ipated tenure-track faculty positions, one at the 
Associate/Assistant Professor level, the other 
at the Assistant level. Final authorization for 
these positions is subject to budgetary ap¬ 
proval. Preferred applicants must have an 
earned PhD in Computer Engineering or the 
equivalent and specialize in computer engineer¬ 
ing and design. Responsibilities include gradu¬ 
ate and undergraduate teaching, curricular 
leadership, and research. Senior faculty appli¬ 
cants should demonstrate experience in ap¬ 
plied computer engineering design. Western 
Michigan University Is located In Kalamazoo, 
Michigan and has approximately 26,000 stu¬ 
dents; it is one of the state’s five graduate inten¬ 
sive universities and is designated a Carnegie 
Doctoral I university. The Department offers two 
EAC/ABET accredited undergraduate degrees 
(Computer Systems Engineering and Electrical 
Engineering) and a growing graduate program. 
We are looking for experienced computer en¬ 
gineering faculty members who enjoy teaching 
and would like to participate in building a 
design-oriented graduate program in computer 
engineering. Please send a detailed resume, in¬ 
cluding a statement of citizenship, and names 
of three references to: Dr. Thomas F. Piatkowski, 
Chair, Department of Electrical Engineering, 
Western Michigan University, Kalamazoo, Ml 
49008-5066 or piatkowski@gw.wmich.edu. Ap¬ 
plications will be accepted until the position is 
filled. Western Michigan University is an affirm¬ 
ative action employer/equal opportunity insti¬ 
tution and encourages applications from 
women and minority candidates. 

University of Coiorado at Bouider. The Depart¬ 
ment of Electrical and Computer Engineering 
Invites applications for several tenure-track 
faculty positions. Areas of particular interest 
are software and computer engineering, control 
systems, VLSI/CAD, solid state quantum 
phenomena device theory, and power (- 
electronics, -conversion, -systems). Applicants 
must have a doctoral degree in Electrical En- 

g ineering. Computer Engineering, Computer 
cience, or related fields. Preference will be 
given to candidates at the Assistant Professor 
level, but candidates at all levels will be consid¬ 
ered. The University of Colorado at Boulder has 
a strong institutional commitment to the prin¬ 
ciple of diversity in all areas. In this spirit, we 
are particularly Interested in receiving applica¬ 
tions from a broad spectrum of people, includ¬ 
ing women, members of ethnic minorities and 
disabled individuals. Applications of these po¬ 
sition should be sent to: Prof. William M. Waite, 
Chairman, Dept, of Electrical and Computer En¬ 
gineering, University of Colorado, Campus Box 
425, Boulder, CO 80309-0425. Application dead¬ 
line is February 29, 1992. 


(Continued on p. 55) 


Locus, Inc. 

2560 Huntington Avenue 
Alexandria, VA 22303 

Equal Opportunity Employer 
U.S. Citizenship Required 


Locus, Inc. 

KAMAN 


ISSA/NSA 

POLY 


USE YOUR “TICKETS” 

FOR FASTER CAREER GROWTH 

Put our 25-i- years experience plac¬ 
ing technical professionals to work 
for you. All fees paid. Nationwide 
opportunities in Communications, 
Defense, Intelligence, Computer, 
Satellites and Analytical Sciences. 
If you earn over $35,000, we have 
a better, more rewarding job for 
you ... right now. U.S. citizenship 
and ISSA/NSA POLY desirable. 
Call (301) 231 -9000 or send your 
resume in confidence to: Dept. EA- 
I3EB or FAX to: (301) 770-9015. 


WALL AC H 

^sQciate^^ii^ 

Washington Science Center 
6101 Executive Boulevard 
Box 6016 

Rockville, Maryland 20849-6016 


DIRECTOR 

Optical Sciences Center 
University of Arizona 

The successful canididate 
must be qualified and moti¬ 
vated to lead this premier in¬ 
stitution of optical science 
and engineering. 

Applications or nomina¬ 
tions should be received 
prior to January 20,1992 by: 
Prof. Peter Franken 
Search Committee Chair 
Optical Sciences Center 
University of Arizona 
Tucson, AZ 85721 
Telephone: 602-621-4185 
Fax: 602-621-3389 

The University of Arizona is 
an EEO/AA Employer. Nomi¬ 
nations and applications 
from Women and Minorities 
are encouraged. 
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Calendar 


(Continued from p. 8) 


FEBRUARY 


International Workshop on Research 
Issues on Data Engineering (C); Feb. 
2-3; Sheraton Hotel, Tempe, Mission 
Palms, Ariz.; IEEE Computer Society, 1730 
Massachusetts Ave., N.W., Washington, 
D.C. 20036-1903; 202-371-1013. 

Eighth Semiconductor Thermal Meas¬ 


urement and Management Symposi- 
tun (CHMT); Feb. 3-5; Pamhlysmith 4 Sea¬ 
sons Hotel, Austin, Texas; Kaveh Azar, 
AT&T Bell Laboratories, 1600 Osgood St., 
N. Andover, Mass. 01845; 508-960-6443. 

Conference on Optical Fiber Commu- 
nication-OFC ’92 (COM, LEO); Feb. 
3-7; San Jose Convention Center, San Jose, 
Calif.; Susan Evans, lEEE/LEOS, 445 Hoes 
Lane, Box 1331, Piscataway, N.J. 08855- 
1331; 908-562-3896. 

Eighth International Conference on 


Data Engineering (C); Feb. 3-7; Tempe 
Sheraton, Tempe, Ariz.; IEEE Computer 
Society, Conference Department, 1730 
Massachusetts Ave., N.W., Washington, 
D.C. 20036-1906; 202-371-1013; fax, 202- 
728-0884. 

Sixth International Photovoltaic 
Science and Engineering Conference 
(ED); Feb. 10-14; Hotel Taj Palace Intercon¬ 
tinental, New Delhi, India; B.K. Das, 
PVSEC-6 Conference, National Physical 
Laboratory, Krishnan Road, New Delhi— 
110012, India; (91 h- 11) 572 6058; fax, (91+U) 
575 2678. 

International Conference on Intelli¬ 
gent Control and Instnunentation (Sin¬ 
gapore Section); Feb. 18-21; Hilton Inter¬ 
national, Singapore; R. Devanathan, 200 
Jalan Sultan, 11-03 Textile Centre, Singapore 
0719; (65) 291 9690; fax, (65) 292 8596. 

International Solid State Circuits 
Conference-ISSCC (Solid State Circuits 
Council, et al.); Feb. 19-21; San Francisco 
Hilton Hotel, San Francisco; Diane Suiters, 
Courtesy Associates Inc., 655 15th St., 
N.W., Suite 300, Washington, D.C. 20005; 
202-347-5900. 

Applied Power Electronics Conference 
and Exposition (PEL); Feb. 23-27; Wes- 
tin Hotel, Boston; Melissa Widerkehr, 
Courtesy Associates, Suite 300, 655 15th 
St., N.W., Washington, D.C. 20005; 202- 
639-4990; fax, 202-347-6109. 

Compcon Spring ’92 (C); Feb. 24-28; Ca¬ 
thedral Hill Hotel, San Francisco; IEEE 
Computer Society, Conference Department, 
1730 Massachusetts Ave., N.W., Washing¬ 
ton, D.C. 20036-1903; 202-371-1013; fax, 
202-728-0884. 


MARCH 


First International Fuzzy Systems 
Conference (COM, IE, NN); March 8-12; 
Town & Country Hotel, San Diego, Calif.; 
Nomi Feldman, Meeting Management, 5665 
Oberlin Dr., Suite 110, San Diego, Calif. 
92121; 619-453-6222. 

Southcon ’92 (Region 3); March 10-12; 
Orange Country Convention/Civic Center, 
Orlando, Fla.; Electronic Conventions 
Management, 8110 Airport Blvd., Los An¬ 
geles, Calif. 90045; 213-215-3976 or 800- 
877-2668. 

Fourth International Conference on 
Microelectronic Test Structures (ED); 
March 17-19; Catamaran Resort Hotel, San 
Diego, Calif.; Michael W. Cresswell, Nation¬ 
al Institute of Standards and Technology, 
B360 Technology, Gaithersburg, Md. 20899; 
301-975-2072; fax, 301-975-2128. 


Engineering 



Don’t be left behind. 


At General Dynamics Fort Worth Division, we’re continuing to develop next-generation 
technologies to increase the F-16's capabilities, and applying them to our new aircraft programs 
which include the Air Force F-22 (ATF). 


The following NON-SUPERVISORY positions require a BS/MS in EE, ME, AE or Computer 
Science Engineering, PLUS APPLICABLE ON-THE-JOB TECHNICAL EXPERIENCE. 


• AdaandOOD 

• Integrated Diagnostics 

• Aircraft Electrical 

• Packaging and Installation 

Power System Design 

Design 

• Aircraft Lighting Systems 

• Power Distribution/Harness 

• Aircraft Sub-system Design 

Design 

• Aircrew Training/Simulation 

• Reliability/Systems Safety 

• Algorithm Development 

• Secondary Power Systems 

• Analog & Digital System Design 

• Stabilitity and Control 

• Avionics Circuit Analysis 

• Systems Engineering Systems 

• Electronic Hardware Software 

Integration 

Design 

• Systems Security Engineering 

• Flight Control Laws 

• Test Program Development 

• Flight Control Systems 

• Weapons Design Integration 

• Flight Systems Software/ 

Hardware 

• Wiring Installation Design 


General Dynamics offers competitive salaries and comprehensive benefits. For immediate 
consideration, please respond by resume only: Supervisor of Professional Staffing, General 
Dynamics Fort Worth Division, P.O. Box 748, Dept. EIES02, Fort Worth, Texas 76101. 
An Equal Opportunity Employer. U.S. Citizenship may be required. Principals only. 

GENERAL DYNAMICS 

Fort Worth Division 
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Integrated services digital networks; cf. Asynchronous transfer mode 
Integrated voice/data communication 

correction to ‘Communications satellites: Orbiting into the ’90s’ (Aug 90 
45-52). Campanella, S. SPEC Feb 91 58 
Interactive computing, human factors; cf. Computer interfaces, human factors 
International stability 

effect of Persian Gulf War outcome on future warmaking. Watson, George F., 
+ .SPEC Sep 9153-5% 

Gulhegacy: war as a test lab (special issue). SPEC Sep 91 24-33,36-42,47-66 
International stability; cf. Arms control 
International trade 

arms trade in wake of lessons learned from Persian Gulf War. Rosenblatt, 
Alfred. SPEC Sep 91 59-62, 66 

book review; Partnerships for Profit: Structuring and Managing Strategic 
Alliances (Lewis, J. D.; 1990). Augustine, NormanR., SPEC May 91 ll 

coping with exports that have both commercial and military use. Reilly, Lucy, 
SPEC Sep 91 63-66 

global arms proliferation (Spectral Lines). Christiansen, Donald, SPEC Sep 
9123 

how US lost its lead in power equipment (Speakout). Watson, J. Eugene, Jr., 
SPECFeb91l6-Yl 

renewal of semiconductor pact by US and Japan (Legal Aspects). Miller, Joel, 
SPEC Oct 91 33 

upcoming IEEE Spectrum survey of engineers on who’s ahead in high tech 
(Spectral Lines). Christiansen, Donald, SPEC Mar 91 31 
Internetworking 

interconnecting LANs; overview. Sharma, Roshan L., SPEC Aug 91 32-38, 
43-44 

ISDN; cf. Integrated services digital networks 


Asiapower (special issue). SPEC Jun 91 24-65 

plans for nuclear generation of 43% of its electricity by 2010. Cross, Michael, 
SPEC Apr 91 77-80 

renewal of semiconductor pact by US and Japan (Legal Aspects). Miller, Joel, 
SPEC Oct 91 33 

US engineers’ responses to Gallup survey on who is ahead in technology. 
Rosenblatt, Alfred, SPEC Apr 91 22-27 
Japan; cf. Asia 


LAN; cf Local area networks 
Land mobile radio 

recent developments in telecommunications. Bell, Trudy E., SPEC Jan 91 
44-47 

Land mobile radio cellular systems 

success of Ericsson, Sweden’s biggest electronics company, in cellular 
telephone market Guterl, Fred, SPEC Feb 91 48-51 
Land transportation; cf Rail transportation 
Languages; cf Computer languages 
Laplace transforms 

history of Laplace transform. No/i/n, Paul J., SPEC Mar 91 60t 
Learning systems; cf Neural networks 
Legal factors 

legal underpinnings of 1992 European unification (Legal Aspects). Miller, 
Joel, SPEC May 91 12 

renewal of semiconductor pact by US and Japan (Legal Aspects). Miller, Joel, 
SPEC Oct 91 33 
Legal factors; cf Patents 
Linear algebra; cf Matrices 
Lithography; cf. Integrated-circuit fabrication 
Load management 

promoting energy conservation by letting utilities profit from reduced 
demand. Zorpette, Glenn, SPEC May 91 42-43 
Local area networks 

high-speed local area netwoiks; overview. Gerla, Mario, + , SPEC Aug 91 
26-31,43 

recent developments in data communication. Rosenblatt, Alfred, SPEC Jan 91 
48-51 

X-Window System; overview of open, vendor-neutral standard based on 
client/server model. Socarras, Angel E., + , SPEC Mar 91 52-55 
Local area networks; cf Internetworking 
Logic circuit design; cf Integrated-circuit design 
Logic circuits 

recent developments in solid-state circuits. Watson, George F., SPEC Jan 91 
52-55 

Logic circuits; cf CMOS integrated circuits 


M 

Magnetic materials/devices; cf Biomagnetics 

Mail; cf Electroruc mail 

Maintenance 

operational support, maintenance, and logistics in Persian Gulf War. Zbrpetie, 
Glenn, SPEC Sep 91 


Maintenance; cf Aircraft maintenaixie 
Management 

management under stress (Spectral Lines). Christiansen, Donald, SPEC Aug 
91 17 

Management; cf. RD&E management 
Manipulators 

recent developments in medical electronics. Fitzgerald, Karen, SPEC Jan 91 
76-78 

Manufacturing automation 

recent developments in industrial electronics. Kaplan, Gadi, SPEC Jan 91 
59-60 

Mathematics 

computer packages for handling special mathematical problems and 
martipulating matrices. Foster, Kenneth R., SPEC Nov 91 44,48-50,60-61 
Matrices 

computer packages for handling special mathematical problems and 
martipulating matrices. Foster, Kenneth R., SPEC Nov 91 44,48-50,60-61 
Measurement; cf Electric variables measurement 
Measurement-system data handling 

computer packages for integrated data acquisition, analysis, display, and 
reporting. Schmalzel, John L.. SPEC Nov 91 38,40-42,60-61 
MeasureriKnt units 

use of SI units in future issues of IEEE Spectrum (Spectral Lines). 
Christiansen, Donald, SPEC May 91 25 
Memories 

recent developments in solid-state circuits. Watson, George F., SPEC Jan 91 
52-55 

Memories; cf Random-access memories 
Meteorology; cf Air pollution 
Metropolitan area networks 

recent developments in data communicatirm. Rosenblatt, Alfred, SPEC Jan 91 
48-51 

Microcomputer interfaces 

add-on boards and peripherals for workstations; overview and representative 
sampling. Spectrum Staff, SPEC Apr 91 52-57 
Microcomputer peripherals 

add-on boards and peripherals for workstations; overview and representative 
sampling. Spectrum Staff, SPEC Apr 91 52-57 
Microcomputers 

designing portable, notebook-size computers. Bell, Trudy E., SPEC May 91 
37-41t 

recent developments in minis and mainframes. Zorpette, Glenn, SPEC Jan 91 
40-43 

recent developments in PCs and workstations. Rosenblatt, Alfred, SPEC Jan 
91 32-35 

Microcomputer software 

comments on ‘Affordable analog design’ by J. R. Hines. Roberts, Janet A., 
SPEC Mar 91 16 (Original article, Nov 90 60,62,64,66-67,93) 
Microcomputer software, operating systems 

recent developments in software. Spectrum Staff, SPEC Jan 91 36-39 
Microcontroliers; cf Digital control 
Microprocessors 

recent developments in solid-state circuits. Watson, George F., SPEC Jan 91 
52-55 

Microprocessors; cf Coprocessors 
Miiitary...; cf Weapons 
Military aircraft 

operational support, maintenance, and logistics in Persian Gulf War. Zorpette, 
Glenn, SPEC Sep 91 dO-42 

Pentagon cancellation of A-12 aircraft program (Spectral Lines). 

Christiansen, Donald, SPEC Feb 9121 
Military command and control; cf Command and control systems 
Military economics 

Pentagon cancellation of A-12 aircraft program (Spectral Lines). 

Christiansen, Donald, SPEC Feb 91 21 

recentdevelopmentsinaerospaceandmilitaryareas.Adom./o/inA., + .SPEC 
Jan 9112-15 
Military equipment 

edge provided by technology in warfare (Speakout). Augustine, Norman R., 
SPEC Sep 91 6% 

effect of Persian Gulf War outcome on future warmaking. Watson, George F., 
+ , SPEC Sep 91 53-5% 

Gulf legacy: war as a test lab (special issue). SPEC Sep 91 24-33,36-42,47-66 

operational support, maintenance, and logistics in Persian GulfWat.Zorpette, 
Glenn, SPEC Sep 91 40-42 

US military’s dependence on foreign parts (Spectral Lines). Christiansen, 
Donald, SPEC Jun 91 23 

Military information systems; cf Command and control systems 

Military training; cf Training 

Minicomputers 

recent developments in minis and mainframes. Zorpette, Glenn, SPEC Jan 91 
40-43 
Missiles 

role of theater missile defense in wake of Patriot missile’s perfonnance during 
Persian Gulf War. Riezenman, Michael, SPEC Sep 91 49-52,66t 


f Check author entry for subsequent corrections! comments 
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Mixed-signal devices; cf. Analog circuits 

Mobile communication; cf. Aircraft communication 

Modeling 

cutting high cost of testing analog and mixed-signal devices. Souders, T. 
Michael. + . SPEC Mar 91 48-51 
MOS integrated circuits; cf. CMOS integrated circuits 
Multiaccess communication; cf. Time-division multiaccess 


N 

Networks; cf. Computer networks; Neural networks 
Neural networks 

recent developments in neural networks, decision technology, engineering 
education, and document interchange. Jurgen, Ronald K., SPEC Jan 91 79 
Nuclear power generation 

Japan’s plans for nuclear generation of 43% of its electricity by 2010. Cross, 
Michael. SPEC Apr 9J 77-80 
Nuclear weapons; cf. Weapons 


O 

Object-oriented programming 

recent developments in software. Spectrum Slc^, SPEC Jan 91 36-39 
Office automation; cf. Document handling 
Operating systems; cf. Software, operating systems 
Optical fiber communication 

high-speed local area networks; overview. Gerla, Mario, + , SPEC Aug 91 
26-31,43 

recent developments in telecommunications. Bell, Trudy E., SPEC Jan 91 
44-47 

Optical radiation effects; cf. Integrated-circuit fabrication 


Packet switching 

correction to ‘Communications satellites: Orbiting into the ’90s’ (Aug 90 
45-52). Campanella, S. /.. SPEC Feb 91 58 
Packet switching; cf. Asynchronous transfer mode 
Parameter estimation; cf. Spectral analysis 
Patents 

passage of application through US Patent and Trademark Office; international 
patent protection (Legal Aspects). Miller, Joel, SPEC Jul 91 44 

why it took G. P. Hyatt more than 20 years to patent single-chip computer 
(Legal Aspects). Miller, Joel, SPEC Feb 91 18 
Peripheral equipnoent; cf. Computer peripherals 
Personal computers; cf. Microcomputers 
Philosophical considerations 

closing gap between philosophical and practical thinking (Spectral Lines). 
Christiansen, Donald, SPEC Nov 91 19 
Power demand; cf. Load management 
Power distribution control; cf. Load management 
Power generation; cf. Nuclear power generation 
Power generation economics 

recent developments in power and energy. Zorpette, Glenn, SPEC Jan 91 
61-64t 

Power industry 

how US lost its lead in power equipment (Speakout). Watson, J. Eugene, Jr., 
SPEC Feb 91 16-17 

recent developments in power and energy. Zorpette, Glenn, SPEC Jan 91 
61-64t 

Power system economics 

promoting energy conservation by letting utilities profit from reduced 
demand. Zorpette, Glenn, SPEC May 91 42-43 
Power system economics; cf. Power generation economics 
Power systems 

LlLCO’s performarKe after Hurricane Bob hit Long Island (Spectral Lines). 
Christiansen, Donald, SPEC Oct 91 15 
Power transmission biological effects 

comments on ‘Electromagnetic fields: The jury’s still out’ by K. Fitzgerald et 
al. Burgess, Cliff G., SPEC Feb 91 6,58 (Original article, Aug 90 22-35) 
Printed circuits 

recent developments in industrial electrmiics. Kaplan, Gadi, SPEC Jan 91 
59-60 

Process control; cf. Industrial control 
Product developmeut 

case histories of the successful use of concurrent engineering. Wheeler, Roy, 
+ .SPEC Jul 91 32-37 

concurrent engineering (special section). SPEC Jul 91 22-37 

DICE, DARPA initiative in concurrent engineering. Reddy, Ramana, + , 
SPEC Jul 91 26-27, 30 

guidelines for making concurrent engineering v/ork.Turino,Jon, SPEC Jul 91 
30-32 

use of concurrent engineering techniques by world-class companies. Shina, 
Sammy G., SPEC Jul 91 22-26 

Programming; cf. Object-oriented programming; Software design/development 
Propulsion; Road-vehicle propulsion 

Protectioo/safety; cf. Risk analysis 
Psychology 

irmovative mind at work. Maccoby, Michael, SPEC Dec 91 23 


Q 

Quality control 

Malcolm Baldrige National Quality Award and push toward higher quality 
(Spectral Lines). Christiansen, Donald, SPEC Jan 91 Z1 


R 

Radar; cf. Air-traffic control 

Radio communication; cf. Aircraft communication; Land mobile radio...; 

Satellite communication 
Rail transportation 

recent developments in transportation. Chen, Katherine T., SPEC Jan 91 
69-71 

resurgence of light rail transit in North America. Mora, Jeffrey, SPEC Feb 91 
54-56 

RAM; cf. Random-access memories 
Random-access memories 

development of fust 64-Mb dynamic RAM on single silicon chip. Watson, 
George, SPEC Jan 91 30 
RD&E 

book review; Women of Science: Righting the Record (Kass-Simon, G. and 
Fames. P., Eds.; 1990). Bell, Trudy E., SPEC Mar 91 U 
book review;Science and the Navy: The History of the Office of Naval 
Research (Sapolsky, Harvy M.; 1990). Morgan, M. Granger, SPEC Feb 91 
11 

East Asian nations approach to maintaining competitive edge in technology. 

Rosenblatt. Alfred, + . SPEC Jun 91 49-62 
importance of work done by R&D engineers (Speakout). Duston, Dwight, 
SPEC Dec 91 14-15 

politics of RD&E organization and funding (Speakout). Sponsler, George C., 
SPECApr91 15-16 

upcoming IEEE Spectrum siuvey of engineers on who’s ahead in high tech 
(Spectral Lines). Christiansen, Donald, SPEC Mar 91 31 
US engineers’ responses to Gallup survey on who is ahead in technology. 
Rosenblatt, Alfred, SPEC Apr 91 22-27 
RD&E; cf. Product development 
RD&E economics; cf. Military economics 
RD&E management 

book review; Managing Creativity in Science and Hi-Tech (Kay, Ronald; 
1990). Goldman, Jack E., SPEC Feb 91 11-12 
Reliability; cf. Maintenance 
Repairable systems; cf. Maintenance 
Risk analysis 

book review; Technological Risk (Lewis, H. W.; 1990). Morgan, M. Granger, 
SPEC Nov 91 11-12 

book review; Uncertainty: A Guide to Dealing with Uncertainty in 
(^antitative Risk and Policy Analysis (Morgan, M. G., and Henrion, M.; 
1990). Fragola.Joseph, SPEC Apr 91 12. 14 
comments on ‘Electromagnetic fields: The jury’s still out’ by K. Fitzgerald et 
al. Burgess, Cliff G., SPEC Feb 91 6,58 (Original article, Aug 90 22-35) 
Road transportation, automated highways 

intelligent vehicle-highway systems./«rgen,/?onaW AT., SPEC May 9/ 26-36 
Road-vehicle control 

intelligent vehicle-highway sy stems./argen, Ronald K., SPEC May 91 26-36 
Road-vehicle engines; cf. Road-vehicle propulsion 
Road-vehicle propulsion 

recent developments in power and energy. Zorpette, Glenn, SPEC Jan 91 
61-64t 

Robots; cf. Manipulators 


S 

Satellite applications 

improving efficiency and safety of air-traffic control with satellites, Al, and 
bkter communication and onboard equipment Adam, John A., SPEC Feb 

9J27-32t 

Satellite applications; cf. Astronomical satellites 
Satellite communication 

correction to ‘Communications satellites: Orbiting into the ’90s’ (Aug 90 
45-52). Campanella. S. J.. SPEC Feb 91 58 
TV coverageofPersianGulf War. Condry,/oAn, SPEC Sep 97 47-48, 66 
Science; cf. RD&E... 

Security; cf. Computer security 

Semiconductor device fabrication; cf. Integrated-circuit fabrication 
Semiconductor device testing; cf. Integrated-circuit testing 
Semiconductor devices; cf. Integrated circuits 
Semiconductor electronics industry; cf. Electronics industry 
Signal analysis; cf. Spectral analysis 
Signal processing 

development tools for digital signal processing. Mather, Bruce G., SPEC Nov 
91 52-55, 61 

embedding spectral analysis in equipment using DSPs. Jangi, Shrirang, 4-, 
SPEC Feb 91 40-43 

recent developments in solid-state circuits. Watson, George F., SPEC Jan 91 
52-55 

Signal resolution; cf. Spectral analysis 
Simulation 

tools for simulating and analyzing electromagnetic fields. Swanson, Daniel 
G., Jr., SPEC Nov 91 34,36-37,60 
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Simulation; cf. Training 
Singapore; cf. Asia 
Social factors 

book review; Women of Science: Righting the Record (Kass-Simon, G. and 
Fames, P., Eds.\ 1990). Bell. Trudy £., SPEC Mar 9111 
Social factors; cf. Technology social factors 
Software 

computer packages for handling special mathematical problems and 
manipulating matrices. Foster, Kenneth R., SPEC Nov 91 44,48-50,60-61 
computer packages for integrated data acquisition, analysis, display, and 
reporting. Schi^zel, John L., SPEC Nov 91 38,40-42,60-61 
development tools for digital signal processing. Mather, Bruce G., SPEC Nov 
91 52-55,61 

engineering software (special issue). SPEC Nov 91 23-68 
tools for simulating and analyzing electromagnetic fields. Swanson. Daniel 
G., Jr.. SPEC Nov 91 34,36-37,60 

Software; cf. Computer languages; Database management systems; Design 
automation software; Microcomputer software 
Software design/development 

selecting tools for developing microcontroller software. Gilmour, Peter S., 
SPEC Feb 9131-39 

Software design/development; cf. Computer-aided software engineering; 
Object-oriented programming 

Software development environments; cf. Computer-aided software engineering 
Software, operating systems 

Posix (IEEE portable operating system interface) and open standards. Kuhn, 
D. Richard, SPEC Dec 91 36-39 

recent developments in software. Spectrum Staff, SPEC Jan 91 36-39 
Software reviews 

Brain Maker Professional for designing, training, testing, and running neural 
networks. Haner, Bruce, SPEC Aug 91 57-58 
Caplin linear control analysis program. Aguirre, Sergio, SPEC Mar 91 24 
Chico Solver, equation-solving program. Foster, Kenneth R., SPEC May 91 
22 

dV/dt software for creating timing diagrams. Khan, Ahmed Rahil, + , SPEC 
May 91 22 

EasyPlot plotting package. Elliot, Paul G., SPEC Jan 91 19 
EEpal programmable desktop tool. Hertling, David R., SPEC Aug 91 58 
Mathematica Version 2 for numerical, graphical and symbolic computation. 
Foster,KennethR.,SPECNov91 73 

S/Filsyn (release 2.2), digital filter sectioa Hench, DavidL., SPEC Mar 9124, 
26 

Xmath for analyzing dynamic systems. Kraft, Raymond H., SPEC Nov 91 
73-74 

Source coding; cf. Image coding 
South Korea; cf. Asia 
Soviet Union 

book review; In the Stream of Stars: The Soviet/American Space Art Bo<* 
(Hartman, W. K., et al.; 1991). Bell. Trudy £., SPECJul 91 11-12 

book review; In the Stream of Stars: The Soviet/American Space Art Book 
(Hartman, W.K.,etal.; 1991). Bell.TrudyE.. SPECJul 91 11-12 
Space technology 

examination of US space program. Bell, Trudy £., -i-, SPEC Aug 91 18-20, 
45-51 

recentdevelopmentsinaerospaceandmilitaiyareas.Adam,/o/inA., + .SPEC 
Jan 9112-15 
Special issues/sections 

air traffic control (special secticn). SPEC Feb 91 22-36 
Asiapower. SPEC Jun 91 24-65 

concurrent engineering (special section). SPEC Jul 91 22-37 
engineering software. SPEC Nov 91 23-68 
Gulf legacy: war as a test lab. SPEC Sep 91 24-33,36-42,47-66 
Technology ’91. SPEC Jan 91 29-81 
Spectral analysis 

embedding spectral analysis in equipment using DSPs. Jangi, Shrirang, + , 
SPEC Feb 91 40-43 

Speech communication; cf. Integrated voice/data communication 
Standards 

comments on ‘Electromagnetic fields: Societal reverberations’ by K. 
Fitzgerald. Mendes, Celso Luiz P., SPEC Oct 914 (Original article, Aug 90 
27-32) 

comments on ‘Electromagnetic fields: The jury’s still out’ by K. Fitzgerald et 
al. Burgess. Cliff G.. SPEC Feb 91 6,58 (Original article, Aug 90 22-35) 
Posix (IEEE portable operating system interface) and open standards. Kuhn, 
D. Richard, SPEC Dec 91 36-39 

video compression standards and IC chips. Ang, Peng H., + , SPEC Oct 91 
16-19 

Storage; cf. Memories 
Surgery 

recent developments in medical electronics. Fitzgerald, Karen, SPEC Jan 91 
76-78 


T 

Taiwan; cf. Asia 

TDMA; cf. Time-divisionmultiaccess 
Technological innovation 

East Asian nations approach to maintaining competitive edge in technology. 

Rosenblatt, Alfred, + , SPEC Jun 91 49-62 
irmovative mind at work. Maccoby, Michael, SPEC Dec 91 23 
nurturing innovative thinking (Spectral Lines). Christiansen, Donald, SPEC 
Dec 91 21 

profiles of eight innovators based on IEEE Spectrum interviews. Jurgen, 
Ronald K.,4-. SPEC Dec 91 22,24-34 
Technological innovation; cf. Patents 
Technology 

Asiapower (special issue). SPEC Jun 91 24-65 

East Asian nations’ standing and efforts in various technological areas. 
Jurgen. RonaldK.. + .SPECJun91 30-42,47-48t 
economic and technological advances of East Asian nations. Balk, Alfred, 
SPEC Jun 91 26-29 

Technology ’91 (special issue). SPEC Jan 91 29-81 
Technology; cf. RD&E...; Space technology 
Technology social factors 

book review;Technologies Without Boundaries: On Telecommunications in a 
Global Age (de Sola Pool, I.; 1990). Morgan, M. Granger, SPEC Jun 91 6 
comments on ‘Electromagnetic fields: Societal reverberations‘ by K. 
Fitzgerald. Mendes, Celso Luiz P., SPEC Oct 91 4 (Original article, Aug 90 
27-32) 

comments on ‘Electromagnetic fields: The jury’s still out’ by K. Fitzgerald et 
al. Burgess, Cliff G., SPEC Feb 91 6,58 (Original article, Aug 90 22-35) 
TV coverage of Persian Gulf War. Condry, John. SPEC Sep 91 47-48,66 
Technology social factors; cf. Risk analysis 
Technology transfer 

coping with exports that have both commercial and military use. Reilly, Lucy, 
SPEC Sep 9163-66 

Telemetry; cf. Measurement-system data handling 
Telescopes; cf. Astronomical satellites 

Testing; cf. Communication system testing; Integrated-circuit testing 
Text processing 

perils of word processing (Reflections). Lucky, Robert W., SPEC Mar 91 6 
Text processing; cf. Document handling 
Thermal power generation; cf. Nuclear power generation 
Time-division multiaccess 

correction to ‘Communications satellites: Orbiting into the ’90s’ (Aug 90 
45-52). Campanella, S. J.. SPEC Feb 91 58 
Time-division multiplexing; cf. Asynchronous transfer mode 
Timing 

raising clock rates of standard CMOS circuits up to 1 GHz with help from 
CAD. Yuan, Jiren, + , SPEC Feb 91 52-53 
Trade; cf. International trade 
Traffic control; cf. Air-traffic control 
Training 

high-technology training of US military personnel. Zorpette, Glenn, SPEC 
Sep 91 36-39,66 

Training; cf. Aircraft crew training 
Transforms; cf. Laplace transforms 
Transportation; cf. Airtransportatim 
TV 

argument against compatibility of HDTV signals with conventional TV 
^orwn). Nelson, Clifford. SPEC Jan 91 16 
book review; HDTV: Advanced Television for the 1990s (Benson, K., and 
Fink, D.; 1991). Carnes, James £., SPEC Aug 91 6 
digital HDTV characteristics, advantages and implementation problems. 
Jurgen. Ronald K., SPEC Apr 91 28-30,71,73t 
TV; cf. Home communications systems 
TV receivers 

recent developments in consumer electronics. Jurgen, Ronald K., SPEC Jan 
91 65-68 

TV transmission; cf. Image communication 


U 

Ultraviolet radiation effects; cf. Integrated-circuit fabrication 
Union of Soviet Socialist Republics; cf. Soviet Union 
United States 

book review;In the Stream of Stars: The Soviet/American Space Art Book 
(Hartman, W. K.,etal.; 1991). Bell.Trudy E., SPEC Jul 91 11-12 
comments on ‘Reversing sagging precollege skills in mathematics and 
science’ by K. T. Chen. Stark, Peter A., SPECApr916, 90 (Original article, 
Dec 90 44-47) 

examination of US space program. Bell, Trudy £., -I-, SPEC Aug 91 18-20, 
45-51 

how US lost its lead in power equipment (Speakout). Watson, J. Eugene, Jr., 
SPEC Feb 91 16-17 

systemwide upgrade of US air traffic control system, replacing 
two-decade-old equipment. Perry, Tekla S., SPEC Feb 91 22-27 
US engineers’ responses to Gallup survey on who is ahead in technology. 

Rosenblatt, Alfred, SPEC Apr 91 22-27 
US military’s dependence on foreign parts (Spectral Lines). Christiansen, 
Donald, SPEC Jun 91 23 


f Check author entry for subsequent corrections! comments 
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CLASS/FIED EMPLOYMENT OPPORTUNITIES 


Academic Positions Open 


McGill University’s Computer Systems and Cir¬ 
cuits Laboratory has an opening for Post- 
Doctoral Fellow to carry our research in the 
areas ot analog 1C design and mixed-signal 
ASIC testing. Candidates should have extensive 
research experience in one of the two areas: 
analog 1C circuit design or analog testing. The 
initial appointment is for one year and can be 
renewed for two subsequent years. The annual 
salary is CND $29,000. Applicants should send 
their resume with names and addresses of 
three references to: Prof. Gordon Roberts, 
Department of Electrical Engineering, McGill 
University, 3480 University Street, Montreal, 
Quebec, Canada H3A 2A7. Fax (514) 398-4470. 

Research Associate to apply expert system and 
decision making analysis to electrical power 
systems, which includes designing decision 
making systems for high impedance fault de¬ 
tection, applying learning algorithms into adap¬ 
tive relaying for power distribution protection, 
and artificial Intelligence and expert system 
programming in microcomputer system en¬ 
vironments. Design and test real-time expert 
system applicable into power system diagnosis 
with artificial intelligence reasoning methodol¬ 
ogy, and with programming by codes for For¬ 
tran, C, Clips, and Lisps. Neural Network ap¬ 
proach including adaptive filtering method and 
back propagation, method into a learning al¬ 
gorithm improvement. Revision of adaptive 
filtering methods into multiple uncertain infor¬ 
mation environment such as high impedance 
fault detection and discrimination from other 
normal switching events. Salary $1,854 per 
month, 40 hours per week. Requires Ph.D. in 
Electrical Engineering, and 2 years related ex¬ 
perience in power distribution system control 
or monitoring with computer. Apply at the Tex¬ 
as Employment Commission, Bryan, Texas, or 
send resume to the Texas Employment Commis¬ 
sion, TEC Building. Austin, Texas 78778, J.O. 
#6521439. Ad paid by an Equal Opportunity Em¬ 
ployer. 

Electrical Engineering: Tenure-track position 
available in fall 1992. Ph.D. desired; MS with sig¬ 
nificant industrial experience considered. Spe¬ 
cialty in digital electronics preferred. Must be 
interested in a strong undergraduate teaching 
environment. The successful candidate will as¬ 
sist in the development of curriculum and 
laboratories in a relatively new BSE program 
having options In electrical and mechanical en¬ 
gineering. Messiah College seeks candidates 
committed to an evangelical expression of the 
Christian faith. Send letter of Inquiry and re¬ 
sume to Dr. James Scrogmn, Chair, Department 
of Engineering, Messiah College, Grantham, PA 
17027. Minorities and women strongly en¬ 
couraged to apply. AA/EOE. 

The Johns Hopkins University, Department of 
Electrical and Computer Engineering, invites 
applications for tenure-track faculty positions 
at the assistant or associate professor level In 
the areas of computer engineering; solid state 
and quantum electronics; and signal and image 
processing. Candidates for associate professor 
appointments are expected to have significant 
research records. Candidates for assistant 
professor appointments are expected to show 
strong research potential. Applicants should 
send resumes. Including names of at least three 
references, to Search Committee, Department 
of Electrical and Computer Engineering, The 
Johns Hopkins University, Baltimore MD 
21218-2868. The Johns Hopkins University is an 
equal opportunity/affirmative action employer. 

Senior Faculty Position. Theoretical or Ex¬ 
perimental Condensed Matter, The University of 
North Carolina at Charlotte. The Department of 
Physios at UNC Charlotte is seeking an out¬ 
standing condensed matter physicist to com¬ 
plement its expanding applied physics program 
which emphasizes research in applied optics. 
Candidates must have an excellent research 
record, show potential for leading a research 
program in his/her field, and have experience 


appropriate for appointment at the rank of 
professor. Researchers in the areas of Materi¬ 
als Science, Solid State physics and Optoelec¬ 
tronics are encouraged to apply. Salary will be 
commensurate with qualification and ex¬ 
perience. The department has research capabil¬ 
ities in the areas of optical image processing, 
pattern recognition, holography, fiber optics, 
quantum optics, non-linear optics and radiation 
damage in solids. Some of the research facili¬ 
ties are housed in the newly built university Ap¬ 
plied Research Center. UNC Charlotte is ex¬ 
periencing a steady growth and currently en¬ 
rolls more than 15,000 students. Applicants 
should send a letter explaining their interest in 
the position, a resume, and the names, address¬ 
es, and phone numbers of a least three refer¬ 
ences to Dr. T.W. Mayes, Chair, Search Commit¬ 
tee, Department of Physics, UNC at Charlotte, 
Charlotte, NC 28223. (Telephone 704-547-4516). 
Review of applications is expected to begin 
January 15,1992 and continue until the position 
is filled. UNC Charlotte is an Equal Opportuni¬ 
ty/Affirmative Action Employer. 

Director, Manufacturing Engineering Universi¬ 
ty of Michigan-Dearborn. Applications and 
nominations are invited for the position of the 
Director, Manufacturing Engineering Program 
at the University of Michigan-Dearborn. The 
Manufacturing Engineering Program is an inter¬ 
disciplinary activity offering a master’s degree 
in Manufacturing Systems Engineering and 
conducting innovative research with emphasis 
on product quality and productivity. Specific re¬ 
search interests currently include topics in ma¬ 
chine vision, machine diagnostics, precision 
machining, casting, plastics and composites 
manufacturing. Located in the center of the au¬ 
tomotive industry, it enjoys close interaction 
and support from local industry. Candidates for 
the position should have an earned doctorate 
degree in engineering or equivalent research ex¬ 
perience, and, a demonstrated ability for re¬ 
search development and management. Some 
experience in industry and/or government is 
highly preferred. Besides directing the 
Manufacturing Engineering Program, the Direc¬ 
tor will have responsibility tor generating and 
administering research funds, advising and 
working closely with the faculty on their re¬ 
search activities, and teaching. Responsibili¬ 
ties will also include directing the Manufactur¬ 
ing Systems Engineering Laboratory which is a 
10,000 sq. ft. interdisciplinary research facility, 
and, administering state funded Research Ex¬ 
cellence and Economic Development Program. 
The Director will be expected to provide leader¬ 
ship and vision in the continuing growth of the 
program and strengthening its ties with indus¬ 
try and government agencies. He/she will report 
directly to the Dean. A curriculum vitae and 
names of three references should be sent to 
Professor P.K. Mallick, Chair, Director Search 
Committee, Department of Mechanical En¬ 
gineering, The University of Michigan- 
Dearborn, 4901 Evergreen Rd., Dearborn, Ml 
48128. Review of applications and nominations 
will start on January 15,1992; however, they will 
be accepted until the position is filled. The 
University of Michigan-Dearborn is an equal Op¬ 
portunity/Affirmative Action Employer and en¬ 
courages women and minorities to apply. 

Research Assistant Professor. We are seeking 
a qualified PhD computer scientist or imaging 
specialist to design and lead the development 
and implementation of an integrated computer¬ 
ized imaging network for stereotaxic neurosur¬ 
gical procedures. The stereotaxic imaging sys¬ 
tem will integrate CT, MRI, as well as conven¬ 
tional and digital subtraction angiography and 
will include surgical planning programs for the 
Gamma Knife Radiosurgery device. Incumbent 
will develop or apply necessary image pro¬ 
cessing and analysis paradigms for the imag¬ 
ing network, and will supervise a computer en¬ 
gineer responsible for network development 
and implementation. PhD in Computer Science 
or Biomedical Engineering with a demonstrat¬ 
ed high level of expert knowledge in com¬ 
puter/stereotaxic image processing and analy¬ 
sis as evidenced by significant publications 
and/or work experience. Appointment will be at 
the Research Assistant Professor level. Record 


of ability to organize and lead team assembled 
to develop and implement network a must. Ap¬ 
plicants are asked to send curriculum vitae and 
names of three references to G. Rees Cosgrove, 
MD, Department of Neurological Surgery, Box 
212, University of Virginia Health Sciences Cen¬ 
ter, Charlottesville, Virginia 22908. Equal Oppor¬ 
tunity/Affirmative Action Employer. 

University of Kansas-Electrical and Computer 
Engineering. A tenure-track faculty opening at 
the Full or Associate Professor level may be 
available beginning August 1992 or as negotiat¬ 
ed. Rank and salary will be commensurate with 
qualifications. A doctorate is required. Appli¬ 
cants are sought with teaching and research in¬ 
terest in all areas of computer engineering. New 
faculty will be expected to perform teaching 
and curriculum development, to conduct re¬ 
search, and to provide leadership in the area of 
computer engineering. Preference will be given 
to applicants with a strong research record 
and/or industry experience, and whose research 
interests are consistent with ongoing activities 
within the Department, especially in software 
engineering, VLSI design, computer architec¬ 
tures, and artificial intelligence. Review of ap¬ 
plications will begin on December 15,1991 and 
continue until the position is filled. Send re¬ 
sumes to Dr. Costas Tsatsoulis, Chairman of the 
Faculty Search Committee, Department of Elec¬ 
trical and Computer Engineering, The Universi¬ 
ty of Kansas, Lawrence, Kansas 66045. Tele¬ 
phone: (913) 864-7749. E-mail: tsatsoul%turing@ 
kuhub.cc.ukans.edu. The University of Kansas 
is an equal opportunity/affirmative action em¬ 
ployer. 

The University of Cincinnati. The NASA Space 
Engineering Research Center and the Depart¬ 
ment of Electrical and Computer Engineering 
invite applications for new tenure-track faculty 
positions at the Assistant/Associate Professor 
levels starting January 1992. The primary areas 
of interest are solid state electronics with an 
emphasis on microelectronics-based sensors, 
micromechanical structures, microstructures, 
chemical or RIE micromachining, analog and 
digital electronics circuit design for smart sens¬ 
ing, electronic instrumentation and non- 
intrusive diagnostics using microsensors for 
space engineering. The Department offers B.S., 
M.S., and Ph.D. programs in Electrical and Com¬ 
puter Engineering. The Department has 30 full¬ 
time faculty, 160 full-time graduate students, 
400 undergraduate students, 2 research 
centers, and 20 full-time staff members, and 
graduates approximately 35 M.S. and 15 Ph.D.’s 
per year. External ly funded research is current¬ 
ly at $4.0M per year and growing. The Universi¬ 
ty is supportive of the Department in providing 
an environment conducive to the establishment 
of an academic and professional career. The 
Space Engineering Research Center is one of 
nine national research centers sponsored by 
NASA. It currently supports multi-disciplinary 
research and educational programs involving 
faculty and students in the College of Engineer¬ 
ing. The successful candidate will hold a regu¬ 
lar full-time faculty rank in the Department of 
Electrical and Computer Engineering with a 
joint appointment at the NASA Space Engineer¬ 
ing Center. He/she is expected to play a leading 
role in the development of a collaborative re¬ 
search and educational program between the 
Space Research Center and the Department in 
microsensors and instrumentation. All candi¬ 
dates should have a strong commitment to ex¬ 
cellence in research and teaching and an 
earned Ph.D. in electrical engineering. Please 
send curriculum vitae to: Dr. Vik J. Kapoor, 
Head, Electrical and Computer Engineering 
Department, University of Cincinnati, Cincin¬ 
nati, Ohio 45221-0030. E-mail vkapoor® uceng. 
uc.edu. The University of Cincinnati is an Affirm¬ 
ative Action/Equal Opportunity employer and 
encourages and welcomes applications from 
women and minorities. 

Computer Engineering Faculty Position, 
Washington State University—Spokane. The 
School of Electrical Engineering and Computer 
Science at Washington State University invites 
applicants for a full-time, tenure track faculty 
position at the assistant/associate professor 
rank. Responsibilities Include graduate 
instruction—both electrical engineering and 
computer science courses in the individual’s 
area of expertise. Also, the individual will be ex- 
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pected to develop and operate a research pro¬ 
gram. Candidates for the assistant professor 
level should demonstrate a strong potential for 
developing a significant research program. 
Candidates for higher levels must have a proven 
record of accomplishment. Industry experience 
or experience with Industry relations is highly 
desired. An NSF Industry/University Coopera¬ 
tive Research Center in analog-digital integrat¬ 
ed circuits exists, which provides many oppor¬ 
tunities for collaborative research in integrat¬ 
ed circuit design, algorithms, and design meth¬ 
odology. The Spokane program has close ties 
with the main campus in Pullman. Facilities in¬ 
clude engineering workstations, networked 
computers, and modern equipment in the vari¬ 
ous laboratories. Close association with the 
Spokane Intercollegiate Research and Technol¬ 
ogy Institute is anticipated. The latter is a con¬ 
sortium of five institutions of higher education, 
including WSU, committed to applied research 
and economic development in the Spokane 
area. Washington State University is a multi¬ 
campus system with a single faculty, ge¬ 
ographically diverse. This position is locatedat 
WSU Spokane and has reporting lines to the 
Director of the School of Electrical Engineering 
and Computer Science and the Dean of the Col¬ 
lege of Engineering and Architecture. Spokane 
is a major service center of eastern Washing¬ 
ton, northern Idaho, western Montana, and the 
southern parts of the Canadian Provinces of 
British Columbia and Alberta. The metropolitan 
area Includes a population of 375,000 with so¬ 
cial and cultural amenities not often found in 
a community of its size. Send resumes with 
names and addresses of at least three refer¬ 
ences to: Dr. Yacov Shamash, Director, School 
of Electrical Engineering and Computer 
Science, Washington State University, Pullman, 
WA 99164-2752. WSU is an EO/AA educator and 
employer. Women and minorities are en¬ 
couraged to apply. 

Southern Methodist University, Computer 
Science and Engineering. The Department of 
Computer Science and Engineering (CSE) in¬ 
vites applications for a senior faculty position 
in Computer Engineering at the Associate or 
Full Professor level. Applicants must have a 
Ph.D. in Computer Engineering, Computer 
Science, or a related discipline. Candidates 
should have an outstanding funding and re¬ 
search record In the area of Computer Engineer¬ 
ing with a strong commitment to teaching. It is 
anticipated that the position will be filled by Au¬ 
gust, 1992. SMU is a private university with ap¬ 
proximately 8,000 students. The Department of 
Computer Science and Engineering is in the 
School of Engineering and Applied Science, 
where a close working relationship exists with 
the Departments of Electrical Engineering and 
Mechanical Engineering. The CSE Department 
presents a balanced program of research and 
education at all levels and has been offering 
Ph.D. degrees since 1970. The Department has 
extensive contacts with computer-related and 
engineering-oriented industrial firms that dis¬ 
tinguish Dallas as one of the top centers for 
high technology. Applicants should send a 
complete resume, including the names of at 
least three references to: Professor Margaret H. 
Eich, Chair, Faculty Search Committee, Depart¬ 
ment of Computer Science and Engineering, 
Southern Methodist University, Dallas, Texas 
75275-0122. SMU is an equal opportunity/affirm¬ 
ative action. Title IX employer. Applications 
from women and minorities are particularly en¬ 
couraged. Applications will be accepted until 
February 1, 1992. 

Case Institute of Technology, NORD Professor¬ 
ship in Computer Engineering and Science. The 
Department of Computer Engineering and 
Science at Case Institute of Technology is seek¬ 
ing a nationally recognized scholar and 
researcher to fill the NORD Professorship. This 
position was recently established by the dona¬ 
tion of over one and a half million dollars, which 
will provide outstanding professional opportu¬ 
nities and a highly competitive salary, togeth¬ 
er with additional funds for travel, graduate stu¬ 
dent support and equipment. The qualifications 
include a Ph.D. in computer science, computer 
engineering or closely allied fields, and an abil¬ 


ity to establish and develop external support for 
a nationally recognized research program in 
computer science/computer engineering. We 
encourage applicants in all research areas, but 
our current research thrusts are in computer ar¬ 
chitecture and VLSI design, software engineer¬ 
ing and systems, database systems, and artifi¬ 
cial intelligence and logic programming. CWRU 
is a private university with a total enrollment of 
8,400, of which 5,100 are graduate and profes¬ 
sional students. The Engineering School of 
Case Institute of Technology is among the top 
ten engineering schools in terms of research 
funding per faculty member and undergraduate 
student quality. The University campus is the 
hub of the pleasant area known as University 
Circle, an incorporation with neighboring cul¬ 
tural centers and museums, about five miles 
from downtown Cleveland. The Department of 
Computer Engineering and Science has 13 
faculty positions, and a graduate student body 
of 140 students, 60 of which are in the Ph.D. pro¬ 
gram. Departmental facilities are based upon 
an ethernet local area network, connected to 
INTERNET, which supports a UNIX operating 
system and about 40 SUN and other worksta¬ 
tions. In addition, faculty and students par¬ 
ticipating in the Center for Automation and In¬ 
telligent Systems Research have access to the 
Center’s computing facilities. Applicants 
should submit their curriculum vitae and names 
of at least five references to: Lee J. White, Chair¬ 
man, Department of Computer Engineering and 
Science, Case Western Reserve University, 
Cleveland, Ohio 44106: INTERNET: leew@ 
alpha.ces.cwru.edu; applicants may wish to pro¬ 
vide at most three reprints of their most impor¬ 
tant publications. An equal employment and af¬ 
firmative action employer. 

University of Alabama in Huntsville—Graduate 
Assistantships in Electrical and Computer En¬ 
gineering. We are seeking to appoint US 
citizens with outstanding credentials who in¬ 
tend to pursue the doctorate in optical en¬ 
gineering, communications, VLSI design, com¬ 
puter engineering, signal and image pro¬ 
cessing, controls, and electromagnetics. In ad¬ 
dition to our undergraduate and graduate 
degrees in electrical and computer engineering, 
we offer the baccalaureate in optical engineer¬ 
ing and are preparing to Introduce an interdis¬ 
ciplinary doctorate in optical science and en¬ 
gineering. The department will grow from the 
current faculty complement of 26 to 30 within 
the next three years. We currently enroll 650 un¬ 
dergraduates and 210 graduate students. We in¬ 
tend to double our full-time graduate student 
population to 80 by 1995. UAH has attained na¬ 
tional prominence in research, ranking 113 in 
federal funding, with total extramural support 
amounting to $30,000,000 per year. The univer¬ 
sity benefits from the high technology environ¬ 
ment in Huntsville, which employs 20,000 scien¬ 
tists and engineers. Among the major organiza¬ 
tions are the US Army Missile Command, the 
NASA Marshall Space Flight Center, Intergraph, 
SCI, BDM, and Teledyne-Brown Engineering. 
The new Optics Building houses optics-related 
research facilities and personnel. Including the 
UAH Center for Applied Optics. Computer 
resources include a CRAY X-MP/24, a compo¬ 
nent of the Alabama Supercomputer Network. 
Major departmental laboratories Include Digi¬ 
tal Signal Processing, Communications and 
Control; VLSI Design; and Opto-electronics. As- 
sistantship stipends range from $10,000 to 
$20,000 per calendar year and all include tuition 
remission. We encourage those from groups un¬ 
derrepresented in engineering to apply. Send re¬ 
sume and transcript with the names of three 
faculty references from accredited American 
universities to Professor Stephen T. Kowel, 
Chairman, ECE Department, University of Ala¬ 
bama in Huntsville, Huntsville, AL 35899. UAH 
is an Affirmative Action/Equal Opportunity Em¬ 
ployer. 

Rice University Department of Electrical and 
Computer Engineering invites applications for 
faculty positions in the areas of robotics, sig¬ 
nal processing, and computer systems. Appli¬ 
cants in the area of robotics should be interest¬ 
ed in space or undersea applications and be 
able to lead a robotics laboratory. Applicants in 


signal processing should have a background in 
basic signal and systems with Interests in Im¬ 
age and multidimensional processing. Appli¬ 
cants in the computer systems area should 
have interests in the general areas of computer 
architecture, operating systems, and parallel 
computing. Outstanding applicants working in 
related areas will also be considered. Rice 
University is a small, private university with a 
strong commitment to excellence in both teach¬ 
ing and research. Rice is located in Houston, 
Texas, a city with affordable housing and excel¬ 
lent fine arts. Applicants should submit their re¬ 
sume, a summary of their research accomplish¬ 
ments, and the names of at least three refer¬ 
ences to the Chairman of the Department of 
Electrical and Computer Engineering, Rice 
University, P.O. Box 1892, Houston, TX 
77251-1892. Rice University is an equal oppor¬ 
tunity/affirmative action employer. 

Dean, G.W.C. Whiting School of Engineering, 
The Johns Hopkins University, Baltimore, Mary¬ 
land. The Johns Hopkins University is seeking 
applications and nominations for the position 
of Dean of the G.W.C. Whiting School of En¬ 
gineering. The School has a full-time faculty of 
90, an undergraduate student population of 760, 
a graduate student population of 385, and a 
large part-time Masters degree program with 
285 part-time faculty and 2500 part-time stu¬ 
dents. The School covers a wide range of fields 
and specialties in the following departments as 
well as in several interdepartmental degree pro¬ 
grams. Biomedical Engineering; Chemical En- 

g ineering; Civil Engineering; Computer 
cience; Electrical & Computer Engineering; 
Geography & Environmental Engineering; 
Materials Science & Engineering; Mathemati¬ 
cal Sciences; Mechanical Engineering. The 
Dean has responsibility for and authority over 
the School’s programs and budget within the 
context of a highly decentralized university. The 
University seeks an individual of distinguished 
accomplishment to work with the faculty and 
the university in leading a School with a tradi¬ 
tion of excellence In research, teaching, and 
service. Candidates should have demonstrated 
leadership skills in administration, fund raising 
and strategic planning as well as the ability to 
work constructively and creatively in collabora¬ 
tive relationships with the School of Arts and 
Sciences, School of Medicine, and the Applied 
Physics Laboratory. Nominations and applica¬ 
tions should be sent to: Dr. Joseph Cooper, Pro¬ 
vost, Chair, Search Committee, Eng’g, The 
Johns Hopkins University, 34th and Charles 
Sts., Garland Hall 265, Baltimore, MD 21218. The 
Search Committee will begin reviewing nomina¬ 
tions and applications on November 15,1991. 
The university expects to fill this position before 
July 1992. The Johns Hopkins University is an 
Equal Opportunity/Affirmative Action Employ¬ 
er and encourages applications from women 
and minorities. 

The University of Detroit Mercy. The Depart¬ 
ment of Electrical Engineering invites applica¬ 
tions for a tenure track assistant professorship. 
Duties include teaching undergraduate and 
graduate courses In electrical engineering and 
developing funded research programs. Earned 
doctorate in electrical engineering with 
specialization in computer hardware and digi¬ 
tal systems and excellent communication skills 
are required. The University of Detroit Mercy is 
a new university created in 1990 by the consoli¬ 
dation of two outstanding leaders in private 
education, the University of Detroit and Mercy 
College of Detroit. The resulting university is 
the largest private university in Michigan. The 
College of Engineering and Science is widely 
known for its teaching and research partner¬ 
ships with Industry. Applications with complete 
resumes including full academic transcripts 
and names of at least three references should 
be sent to Prof. D.L. Sengupta, Chairperson, 
Electrical Engineering Department, University 
of Detroit Mercy, P.O. Box 19900, Detroit, Ml 
48219-3599. Equal Opportunity/Affirmative Ac¬ 
tion Employer. 

University of Arizona. The University of Arizona 
Electrical and Computer Engineering Depart¬ 
ment invites applications for one or more ten¬ 
ure track faculty appointments for the 1992-93 
academic year. Preference will be given to ap¬ 
plicants at the Assistant Professor level, but ex¬ 
ceptional candidates at higher levels may also 


56 


IEEE SPECTRUM DECEMBER: 









be considered. In addition to an earned doc¬ 
torate and a commitment to effective teaching 
at both the undergraduate and graduate level, 
it is essential that candidates have outstanding 
research achievement and/or potential and the 
commitment and ability to establish an exter¬ 
nally sponsored research program. Technical 
areas of particular interest for 1992-93 recruit¬ 
ing are: (1) computer engineering emphasizing 
VLSI design and test and/or interconnection 
networks for parallel and distributed pro¬ 
cessing systems; (2) communications systems: 
(3) and microelectronics emphasizing microe¬ 
lectronics manufacturing and/or semiconduc¬ 
tor processing science. Applicants should send 
a resume, a statement of teaching and research 
interests, and a list of three references to: Prof. 
K.F. Galloway, Department Head, Electrical and 
Computer Engineering Department, University 
of Arizona, Tucson, AZ 85721. Applications will 
be reviewed starting January 15,1992 and will 
be received until open positions are filled. The 
University of Arizona is an Equal Opportuni¬ 
ty/Affirmative Action Employer and specifical¬ 
ly invites women and minorities to apply. 

University of Aiabama in Huntsviiie, Depart¬ 
ment of Electrical and Computer Engineering. 
Five faculty positions—rank and specialty 
areas open. We seek US. citizens or permanent 
residents with excellent academic credentials 
holding the Ph.D. in electrical or computer en¬ 
gineering, or in cognate fields. Junior appoin¬ 
tees should have outstanding potential as 
teachers and researchers; senior appointees 
are also expected to possess a record of sub¬ 
stantial research support and productivity. We 
are particularly interested in filling positions in 
opto-electronics, communications, radar sys¬ 
tems, signal processing, electronics and com¬ 
puter engineering. The department, with 26 
faculty members, currently enrolls 630 under¬ 
graduates and over 250 graduate students. The 
department offers baccalaureate degrees in 
electrical engineering, computer engineering, 
and optical engineering, and masters and doc¬ 
toral degrees in both electrical and computer 
engineering. The new Optics Building houses 
optics-related research facilities and person¬ 
nel, including the UAH Center for Applied Op¬ 
tics. Computer resources include a CRAY X- 
M P/24, a component of the Alabama Supercom¬ 
puter Network. Major departmental laborato¬ 
ries include Digital Signal Processing, Commu¬ 
nications and Control; VLSI Design; and Opto¬ 
electronics. Huntsville Is a high technology 
community, with many federal and corporate 
opportunities for collaboration, support and 
consulting. It is situated on the Tennessee Riv¬ 
er, In the foothills of the Appalachian Moun¬ 
tains. Climate is temperate, and opportunities 
for recreation as well as cultural activities 
abound. Salary and benefits are highly competi¬ 
tive, while housing is very affordable. Please 
send curriculum vitae with the names of three 
references to Professor Stephen T. Kowel, 
Chairman, Department of Electrical and Com¬ 
puter Engineering, University of Alabama in 
Huntsville, Huntsville, Alabama 35899. UAH is 
an Affirmative Action/Equal Opportunity Em¬ 
ployer. 

University of Coiorado at Denver. The Depart¬ 
ment of Computer Science and Engineering in¬ 
vites applications for a tenure-track faculty po¬ 
sition, beginning August 1992. Though exper¬ 
tise in any recognized area of computer science 
will be considered, we are especially interest¬ 
ed in applicants with research interests in soft¬ 
ware engineering, parallel-distributed compu¬ 
tation, databases, and programming 
languages-compilers. An earned doctorate in 
computer science or a related field, evident re¬ 
search potential, and teaching ability at both 
the undergraduate and graduate levels are re¬ 
quired. An established research record is ex¬ 
pected at appointment levels above initial as¬ 
sistant professor. Rank and salary will be com¬ 
mensurate with experience. Send vitae and 
names of at least three professional references 
by 21 February, 1992 to: Professor John Clark, 
Chair, Faculty Search Committee, University of 
Colorado at Denver, Department of Computer 
Science & Engineering, Campus Box 110, P.O. 
Box 173364, Denver, CO 80217-3364. The Univer¬ 
sity of Colorado at Denver is strongly commit¬ 
ted to the diversity of its faculty and staff, in¬ 
vites applications from a broad spectrum of 
people, and particularly encourages applica¬ 


tions from women and members of ethnic 
minority groups. 

Montana State University seeks qualified can¬ 
didates at the Assistant Professor level in two 
areas: 1) logic circuits and microprocessor ap¬ 
plications with specialization in digital signal 
processing or VLSI design; and 2) electronics 
with specialization in power electronics. Appli¬ 
cants must hold an earned Ph.D. degree in Elec¬ 
trical Engineering or closely related field, have 
specialization in one of the two areas listed 
above, and have demonstrated potential for 
teaching at the undergraduate and graduate 
levels and for developing an independent re¬ 
search program. Industrial experience is desira¬ 
ble. The Electrical Engineering Department 
offers programs leading to BS, MS and Ph.D. 
degrees. Curriculum vitae, a list of 3 references 
and a statement about teaching philosophy and 
research interests should be addressed to: Dr. 
Donald A. Pierre, Head, Electrical Engineering 
Search Committee, Department of Electrical 
Engineering, Montana State University, Boze¬ 
man, MT 59717-0378. Applications must be 
postmarked by February 15, 1992. Montana 
State University is an AA/EO Employer, and 
preference is given to eligible veterans. 

University of California at Berkeley Faculty Po¬ 
sitions in Simulation and Visualization, Elec¬ 
tronic and Optoelectronic Devices and Technol¬ 
ogy, and Low-Temperature Electronics, begin¬ 
ning in Fall Semester 1992, pending budgetary 
approval. The Department of Electrical En¬ 
gineering and Computer Sciences at the Univer¬ 
sity of California at Berkeley is currently seek¬ 
ing outstanding faculty candidates with re¬ 
search in the general areas of: (i) Simulation 
and Visualization. Areas of interest include the 
use of computers to simulate complex 
phenomena, devices, and systems, and to the 
presentation of these calculations in visual 
form to promote understanding. The candidate 
must emphasize the use of simulation and 
visualization in at least one of the following ap¬ 
plication areas: a. the reconstruction of multi¬ 
dimensional configurations (3D or higher) from 
lower dimensional data as in tomography, NMR 
and NRI imaging, and in seismic data b. the 
analysis, understanding, and design of complex 
control or communication systems c. the anal¬ 
ysis and design of electronic or mechatronic 
devices d. the modeling of complex physical 
phenomena, including plasmas, semiconduc¬ 
tor processing equipment and semiconductor 
devices. The candidate should be able to teach 
basic courses in systems, communications and 
control. Appointment will be made only at the 
Assistant Professor level in a tenure-track po¬ 
sition. (ii) Electronic and Optoelectronic 
Devices and Technology. Areas of interest in¬ 
clude electronic/optoelectronic devices based 
on nanostructures and/or ultrafast phenomena. 
Candidates should have a strong record of re¬ 
search and are expected, along with other mem¬ 
bers of the faculty in this and other depart¬ 
ments (material science and physics) as well as 
scientists at Lawrence Berkeley Laboratory, to 
provide leadership in this field of research. Al¬ 
though technology and fabrication aspects are 
considered an essential part of nanostruc¬ 
ture/high speed device research, preference will 
be given to research in the actual creation of 
novel devices/new functions and device phys¬ 
ics studies. The potential to initiate collabora¬ 
tive efforts involving advanced facilities, such 
as Advanced Light Source (Synchrotron radia¬ 
tion) at Lawrence Berkeley Laboratory, will be 
positively (although by no means exclusively) 
considered. The candidate should be able to 
teach basic courses in electronic devices 
and/or optoelectronics. It is expected that the 
appointment will be made at a senior, tenured 
level, although applications will also be consid¬ 
ered for a junior level appointment, (ill) Super¬ 
conductive Electronics. Candidates might have 
interests in superconducting digital circuit de¬ 
sign and/or device and fabrication technology 
for low and high-temperature superconductors. 
Candidates will be expected to teach under¬ 
graduate and graduate courses in semicon¬ 
ducting or superconducting devices, technolo¬ 
gy, and/or circuits. The appointment will be 
made at the Assistant Professor level only in a 
tenure-track position. Applicants must have a 
doctoral degree or comparable academic and 
industrial experience. Interested persons 
should apply as soon as possible and by Febru¬ 


ary 28,1992 to insure full consideration, to the 
Chairman, at the address listed below. Includ¬ 
ing a resume, copies of publications, a state¬ 
ment of Interest, and names and addresses of 
references. Professor Paul Gray, Chairman, 
Department of Electrical Engineering and Com¬ 
puter Sciences, University of California, Ber¬ 
keley, California 94720. Telephone (510) 
642-0253. The University of California is an 
Equal Opportunity, Affirmative Action Em¬ 
ployer. 

Two Tenure-Track Faculty Positions at the Assis¬ 
tant Professor Level are available within the 
newly formed Division of Medical Imaging Re¬ 
search in the Radiology Department of the In¬ 
diana University Medical Center. One imaging 
scientist with a background in lasers, optics 
and high speed detectors; and, a second imag¬ 
ing scientist with a background in x-ray imag¬ 
ing and/or radiation physics are sought. Joint 
appointments in Electrical Engineering or Bi¬ 
ophysics may be considered. A Ph.D. degree in 
a physical science or engineering and a mini¬ 
mum of two years postdoctoral experience Is re¬ 
quired. The successful applicant will be expect¬ 
ed to compete successfully for extramural re¬ 
search support and to teach courses at the 
graduate level. Applicants should send current 
resumes and the names of three professional 
references to: Robert A. Kruger, Ph.D., Indiana 
University Medical Center, CL 112,541 Clinical 
Drive, Indianapolis, IN 46202-5111. Indiana 
University is an Equal Opportunity/Affirmative 
Action Employer. 

SUNY Stony Brook. The Department of Electri¬ 
cal Engineering, SUNY at Stony Brook, invites 
applications for anticipated openings for all 
professor ranks. These positions will be tenure 
track with salary negotiable. The Department 
has undergraduate and graduate programs and 
extensive research activities. The areas of 
prime interest are computer engineering, digi¬ 
tal systems, machine vision, VLSI design, and 
robotics. The Department has extensive com¬ 
puting facilities. Applicants in other areas will 
be considered. The Department has close rela¬ 
tions with high-technology industry. Stony 
Brook combines the attraction of a semi-rural 
location with proximity to the resources of the 
New York City area. Please submit resume to: 
Prof. Kenneth L. Short, Chairman, Department 
of Electrical Engineering, SUNY at Stony Brook, 
Long Island, New York 11794-2350. SUNY at 
Stony Brook is an equal opportunity/affirmative 
action employer. AK88 

Electrical Engineering: The Department of Elec¬ 
trical Engineering at Memphis State Universi¬ 
ty is now accepting applications for tenure- 
track faculty positions. Preference will be giv¬ 
en to applicants for the Assistant or Associate 
Professor level. Applicants with research 
specializations in computer engineering, bio¬ 
medical engineering, or electro-optics are pre¬ 
ferred. Candidates should be available for em¬ 
ployment by August 20, 1992. Research ex¬ 
perience and potential for securing funded re¬ 
search will be important considerations in 
candidate selection. An earned doctorate in 
electrical engineering or related area is re¬ 
quired. Interested applicants should send re¬ 
sumes with names, addresses, and telephone 
numbers of three references to: Dr. Carl E. Hal¬ 
ford, Department of Electrical Engineering, 
Memphis State University, Memphis, TN 38152. 
Closing date for applications is January 31, 
1992, with initial screening to begin at that time. 
However, if needed, applications will be 
reviewed until positions are filled. Equal oppor¬ 
tunity, affirmative action employer. Successful 
candidates must meet Immigration Reform Act 
criteria. 

Faculty Position: The Division of Engineering at 
The University of Texas at San Antonio invites 
applications for a tenure-track Assistant 
Professor position in Electrical Engineering. 
Ph.D. degree required. Successful candidates 
are expected to participate in both undergradu¬ 
ate and graduate teaching, and in research ac¬ 
tivities. Applicants in all areas of electrical en¬ 
gineering are invited to apply, but the following 
areas are. of special interest: computer en¬ 
gineering with emphasis on distributed and par¬ 
allel processing and fault tolerant computing; 
digital signal processing; telecommunications; 
solid state devices; and VLSI. Salary commen- 
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surate with qualifications and experience. 
UTSA is a comprehensive metropolitan univer¬ 
sity located on the edge of the Texas Hill Coun¬ 
try. San Antonio combines a rich cultural heri¬ 
tage with a modern focus on education, re¬ 
search, and technology. Send resume and 
names, addresses, and phone numbers of four 
references by January 31,1992 to: Chair, Elec¬ 
trical Engineering Search Committee, Division 
of Engineering, The University of Texas at San 
Antonio, San Antonio, Texas 78249-0665. UTSA 
is an Equal Opportunity/Affirmative Action Em¬ 
ployer. Women and minorities are encouraged 
to apply. 

The Department of Electrical Engineering of Ar¬ 
izona State University is seeking a senior 
faculty member who will play a leading role in 
the future development of the Nuclear En¬ 
gineering Science Program at Arizona State 
University. The successful applicant must have 
an earned doctoral degree with considerable re¬ 
search experience in a combination of Nucle¬ 
ar and Electrical Engineering. The successful 
applicant is expected to excel in teaching, at 
both the undergraduate and graduate levels, 
and to support activities in either the Electric 
Power Research Laboratory and/or the Center 
for Systems Science and Engineering. Pre¬ 
ferred areas of specialization include reactor 
controls, computational reactor analysis, reac¬ 
tor safety, materials damage and instrumenta¬ 
tion. Depending upon the background and ex¬ 
perience of the successful applicant, there is 
potential for contract involvement with nearby 
Palo Verde, the largest Nuclear Generating Sta¬ 
tion in the world. Academic rank will be com¬ 
mensurate with the candidate’s background 
and experience. Please send applications to Dr. 
David K. Ferry, Chairman, Department of Elec¬ 
trical Engineering, Arizona State University, 
Tempe, AZ 85287-5706, Attention: Faculty 
Search Committee. The first deadline is Janu¬ 
ary 6,1992, or the 6th of each month until the 
position is filled. Arizona State University is an 
equal opportunity, affirmative action employer. 
Women and minorities are encouraged to apply. 

Faculty Position, Physics. GMI Engineering & 
Management Institute invites applications for 
a tenure-track position in physics at the level of 
assistant professor. Outstanding-candidates 
may be considered for appointment at the as¬ 
sociate professor rank. The successful candi¬ 
date must hold a Ph.D. in physics or related dis¬ 
cipline and show evidence of outstanding abil¬ 
ity to teach physics at all undergraduate levels, 
the capability to conduct research in an under¬ 
graduate environment, and the versatility to in¬ 
teract with colleagues in a multidisciplinary en¬ 
vironment. The Science and Mathematics 
Department offers a Bachelor of Science de¬ 
gree in Applied Mathematics as well as minors 
in Applied Chemistry, Applied Mathematics, Ap¬ 
plied Optics, and Computer Science. The Phys¬ 
ics Division is seeking to strengthen its capa¬ 
bility in materials science, lasers, optics, with 
the intent to offer a degree program in applied 
physics. GMI operates on a five-year fully 
cooperative plan of undergraduate education. 
The college also offers bachelor of science 
degrees in mechanical, industrial, electrical, 
and manufacturing systems engineering, and 
management. Masters degrees are offered in 
manufacturing management and engineering. 
GMI strongly supports collaborative research 
and consulting between faculty and industrial 
partners. Please send resume, statement of re¬ 
search objectives, and arrange to have three let¬ 
ters of reference sent to: Dr. Richard Bolander, 
Chair, GMI Physics Faculty Search Committee, 
Science and Mathematics Department, GMI En¬ 
gineering & Management Institute, 1700 West 
Third Avenue, Flint, Ml 48504-4898. Applications 
will be accepted until February 20,1992. The ap¬ 
pointment commences September 15, 1992. 
Minorities and women are encouraged to apply. 
GMI is an Affirmative Action/Equal Opportuni¬ 
ty Employer. 

University of Idaho—Department of Electrical 
Engineering invites applications for tenure- 
track positions at the assistant professor level 
with a specialty in power systems or analog 
electronics. If suitable candidates in these 


specialties are not identified, candidates in 
computer engineering, digital systems, control 
systems, or electromagnetics may be consid¬ 
ered. Duties include teaching at the graduate 
and undergraduate levels, research in the spe¬ 
cialty area, and contributing to the academic 
program in the Department. Qualifications in¬ 
clude an earned PhD in electrical engineering 
or closely related field, excellent teaching abil¬ 
ity, potential for a strong research program, and 
USA citizenship or permanent residency. The 
Department offers the BS, MS, and PhD in elec¬ 
trical engineering and the BS and MS in com¬ 
puter engineering. The University of Idaho has 
statewide responsibility for engineering educa¬ 
tion, is a land-grant university with about 9,000 
students, and is located in northern Idaho ap¬ 
proximately 10 miles from Washington State 
University. Research activity includes the 
Microelectronics Research Center (MRC), 
specializing in VLSI design; the MRC receives 
NASA support as one of nine original Space En¬ 
gineering Research Centers. Search and selec¬ 
tion procedures will be closed when a sufficient 
number of qualified applicants has been iden¬ 
tified, but not earlier than January 20, 1992. 
Send letter, resume, and names of three refer¬ 
ences to Dr. James N. Peterson, Department of 
Electrical Engineering, University of Idaho, 
Moscow, Idaho 83843-4199. The University of 
Idaho is an EO/AA employer. 

University of Illinois at Urbana-Champaign: The 
Department of General Engineering invites ap¬ 
plications for a tenure-track faculty position in 
the general areas of robotics and control. Areas 
of particular interest in control include mul¬ 
tivariable and decentralized systems, discrete 
event dynamical systems, design of control 
scheduling systems (including expert control, 
fuzzy controllers, Al-based and knowledge- 
based control), nonlinear system theory and de¬ 
sign of nonlinear and adaptive controls, and 
neural networks for modeling and control. 
Areas of particular interest in robotics include 
robot modeling, design and computer anima¬ 
tion, sensor-based control and sensor fusion, 
teleoperators, biomedical applications, and au¬ 
tomation and manufacturing systems. Howev¬ 
er, candidates with strong credentials in all 
areas of robotics and control will be consid¬ 
ered. The appointment will normally be made at 
the assistant professor level, but a senior level 
appointment with tenure is also possible for a 
person of recognized national and internation¬ 
al stature. An earned Ph.D. degree in engineer¬ 
ing is required. The candidate must be commit¬ 
ted to teaching at the undergraduate and gradu¬ 
ate levels as well as developing a high quality, 
externally supported program of research. Sal¬ 
ary is commensurate with education and ex¬ 
perience. The starting date is August 21, 1992. 
The Department has 23 faculty, 650 students at 
the undergraduate and graduate levels, and re¬ 
search programs in engineering design, robot¬ 
ics and control, design and manufacturing sys¬ 
tems, artificial intelligence/operations re¬ 
search, biomechanics, and nondestructive 
evaluation. Applications, including a letter of in¬ 
terest, a curriculum vitae, complete publication 
list, dissertation abstract, undergraduate and 
graduate transcripts and the names of three 
references should be sent to: Dr. Thomas F. 
Conry, Head, Department of General Engineer¬ 
ing, University of Illinois at Urbana-Champaign, 
104 South Mathews Avenue, Urbana, Illinois 
61801; (217-333-2730). In order to ensure full con¬ 
sideration, applications must be received by 
February 20, 1992, though applications will be 
considered until the position is filled. Some in¬ 
terviews may be conducted before the deadline, 
but no finalists will be established before the 
deadline. The University of Illinois is an Affirm¬ 
ative Action, Equal Opportunity Employer. 

Lafayette College: Tenure-track Assistant 
Professor position beginning August 1992, in 
the Electrical Engineering Department. Dis¬ 
ciplines of particular interest are Power Sys¬ 
tems and Energy Conversion. Requires PhD in 
Electrical Engineering and a strong commit¬ 
ment to undergraduate education. Lafayette 
College enrolls 2,000 students and is an in¬ 
dependent, highly selective undergraduate in¬ 
stitution having EAC/ABET accredited pro¬ 


grams in four engineering disciplines. Women 
and minorities are encouraged to apply. Send 
resume, with three references and statement of 
teaching and research interests, to Dr. William 
Hornfeck, Electrical Engineering Department, 
Lafayette College, Easton, PA 18042-1775. 
Lafayette is committed to equal opportunity 
through affirmative action. 

Electrical Engineering Technology. Search reo¬ 
pened for Assistant Professor or Associate 
Professor starting September 1,1992. Minimum 
requirements: B.S. and M.S. in EET, EE or relat¬ 
ed field and a minimum of three years of rele¬ 
vant engineering experience. Professional 
registration will be required for tenure. Teach¬ 
ing experience desirable. Expected to teach 
TAC/ABET accredited Associate and Bac¬ 
calaureate courses in one or more of the follow¬ 
ing areas: (1) Industrial controls and power elec¬ 
tronics; (2) Linear electronics and communica¬ 
tions; and (3) Power systems and machinery. Po¬ 
sition is open until filled. Rank and salary will 
be commensurate with qualifications. Send re¬ 
sume with names and addresses of three refer¬ 
ences to: John J. McDonough, Director, School 
of Engineering Technology, 221 East Annex, 
University of Maine, Orono, ME 04469. The 
University of Maine is an Equal Opportunity/Af¬ 
firmative Action Employer. 

Assistant Professor, Telecommunications. 
SUNY Institute of Technology at Utica/Rome. 
Duties include teaching and advising under¬ 
graduates, with opportunity to conduct re¬ 
search. May also include teaching graduate lev¬ 
el courses. Qualifications: Must possess strong 
background in both voice and data communica¬ 
tions, including a “hands-on" knowledge of var¬ 
ious telecommunications equipment including 
T-1 multiplexors, network testing and diagnos¬ 
tic equipment, telephone switching and trans¬ 
mission systems, fiber-optics and wiring/ca¬ 
bling systems. Previous teaching experience 
and Master’s degree in applicable field is re¬ 
quired, Ph.D. is preferred. Must have direct in¬ 
dustry experience in addition to academic ac¬ 
complishments. Review of applicants will begin 
January 1,1992, and continue until the position 
is filled. Selected candidate will begin Septem¬ 
ber 1992. Send letter of application and resume 
to: Mr. Anthony Panebianco, Director of Person- 
nel/AA, SUNY Institute of Technology at Uti¬ 
ca/Rome, Drawer 91037, P.O. Box 3050, Utica, NY 
13504-3050. An Equal Opportunity/Affirmative 
Action Employer. 

Associate Chairperson, Department of Electri¬ 
cal and Computer Engineering, Florida Interna¬ 
tional University, A State University of Florida 
at Miami. Nominations and applications are in¬ 
vited for the 12-month/year position of Associ¬ 
ate Chairperson (Associate/Professor rank) of 
the Department of Electrical & Computer En¬ 
gineering with duties mainly in computer en¬ 
gineering. The department of Electrical and 
Computer Engineering is the largest depart¬ 
ment in the College and offers B.S. (accredited), 
M.S., and Ph.D. degrees in electrical and com¬ 
puter engineering. Qualifications: Earned doc¬ 
torate with a strong record of funded research, 
preferably from government agencies, desire to 
direct and assist faculty in obtaining funded re¬ 
search and experience in computer related 
areas. Also assist Chairperson in day-to-day 
departmental administration activities. Rank 
and salary are commensurate with qualifica¬ 
tions and experience. Applications and Dates: 
All applications received prior to January 23, 
1992, will receive full consideration. The posi¬ 
tions will be available starying August, 1992. U.S 
citizens or lawfully authorized alien workers 
should send a letter addressing the qualifica¬ 
tions above, a resume, and three references 
(names) to: Dr. Wunnava V. Subbarao, Chair, 
Search and Screen Committee, Department of 
Electrical and Computer Engineering, Florida 
International University, Miami, Florida 33199. 
Florida International University is a state 
university located in two suburban areas in Mi¬ 
ami with over 24,000 students, of which 1,800 
upper division and graduate students are en¬ 
rolled in the College of Engineering. The School 
of Engineering has four departments: Electrical 
and Computer, Civil, Mechanical, and Industri¬ 
al Engineering and is an Equal Opportuni¬ 
ty/Equal Access Employer and Institution. 

The Electrical and Computer Engineering 
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IEEE Standards Seminars 
Keeping You Competitive 
through industry Standards 

To advance your professionai skills and the competi¬ 
tive stature of your organization, you need to knovr 
your standards and hovr to appiy them in your en¬ 
vironment. IEEE Standards Seminars heip you do 
both. Tailored to meet your particular requirements 
and covering relevant Industry standards, IEEE Stan¬ 
dards Seminars add value to your organization. 

They are led by a team of industry experts, many 
of whom participated In developing the standards 
on which the seminars are based. So you not only 
get the specs, you learn how they directly apply to 
you. As an IEEE Standards Seminar participant, you 
will receive valuable support materials, plus a wealth 
of standards knowledge you just won't find any¬ 
where else—and you will keep yourself and your or¬ 
ganization competitive. 

For more information on the public and on-site 
courses being offered this winter, CIRCLE #81 on 
the Reader Service Card. 


IEEE STANDARD 
COMPUTER DICTIONARY 
The Complete Resource for 
Today’s Computer Terminology 
With the field of computer engineering expanding, 
new computer terms are constantly being defined 
just as new meanings are being adopted for exist¬ 
ing terms. Computer professionals have been in dire 
need of a reliable source for standardized definitions 
that are current and accurately reflect the terms as¬ 
sociated with technologies of today’s computer in¬ 
dustry. 


Now, computer professionals can have access to 
all these definitions in one convenient volume—/££f 
Standard Computer Dictionary, Compilation of IEEE 
Standard Computer Glossaries. This is a complete 
collection of terms from the six existing IEEE Stan¬ 
dard Glossaries, and accurately documents the most 
current computer industry vocabulary. 

IEEE Std 610-1990, IEEE Standard Computer Dic¬ 
tionary, Compilation of IEEE Standard Computer 
Glossaries (ISBN 1-55937-079-3) 

List Price: $65.00 

IEEE Member Price: $45.50 

Product Number: SH13847 

To order, call 800-678-IEEE. Outside the United 

States, call 908-981-1392. 

For more information, CIRCLE #82 on the Reader Ser¬ 
vice Card. 


IEEE STANDARD 
DICTIONARY OF 
ELECTRICAL AND 
ELECTRONICS TERMS 
Fourth Edition 

The fourth edition of the IEEE’s Standard Diction¬ 
ary of Electrical and Electronics Terms defines over 
24 000 technical words from every field of electri¬ 
cal engineering, electronics, and computer en¬ 
gineering. 

For convenient reference, definitions are arranged 
alphabetically and are supplemented by such helpful 
information as preferred usage, variations in mean¬ 
ing among different specialities, cross-indexing to 
related works, and code numbers that identify the 
source of the definitions. You’ll also find the field 
of application for each entry. Many definitions con¬ 


tain explanatory notes that pinpoint specific prob¬ 
lems or applications. Although U.S. usage Is 
stressed, recommendations of the International 
Electrotechnical Commission have been adopted in 
many cases. 

The fourth edition also defines over 15 000 
acronyms—one of the largest lists of acronyms used 
throughout electrical and electronics science. In¬ 
dustry, government, and the military. 

If you’re an electrical or electronics engineer, 
teacher, or student, the IEEE’s Standard Dictionary 
of Electrical and Electronics Terms Is a vital refer¬ 
ence tool that you should not be without. 

IEEE Std 100-1988, Standard Dictionary of Electri¬ 
cal and Electronics Terms, Fourth Edition (ANSI) 
(ISBN 1-55937-000-9) 

List Price: $65.00 Member Price: $45.50 
To order, call 800-678-IEEE. Outside the United 
States, call 908-981-1392. 

For more information, CIRCLE #83 on the Reader Ser¬ 
vice Card. 


NATIONAL ENGINEERS WEEK 
FEBRUARY 16-22, 1992 

Every day engineers tackle the world’s toughest 
problems. Now we engineers have one of our own. 
And It could make it even more difficult to solve prob¬ 
lems in the next century, which isn’t all that far away. 

You see, not enough of our nation’s young peo¬ 
ple, especially women and minorities, are going Into 
engineering. 

That’s why we need your help to take some time 
during National Engineers Week to participate In a 
national teach-in we call “Discover-E.” It’s an ex- 
(Continued overleaf) 
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citing program that lets you meet the future of en¬ 
gineering face-to-face in our schools, and get them 
thinking about the profession that figures out how 
to make the world a better place in which to live. 

In the words of Jack D. Kuehler, president of IBM 
and this year's honorary chairman of National En¬ 
gineers Week, "We're making this big effort because 
engineers are essential to the economic health of 
this country and to the well-being of society as a 
whole." 

To get Involved, contact your respective engineer¬ 
ing society chapter or headquarters office. As any 
engineer can tell you, there's nothing that can't be 
solved. 


Second Edition Now Available! 

SUPERCOMPUTING: 

AN INFORMAL GLOSSARY OF TERMS 

Do you know the meaning of "systolic array" or 
"Whetstone"? The second edition of Supercomput- 
Ing: An Informal Glossary of Terms will define these 
and other such expressions. 

Any rapidly advancing field generates its own new 
terminology and jargon. The process Is dynamic, 
often resulting In dual-meaning, commonly used 
words and sometimes fuzzy definitions. This infor¬ 
mal glossary, developed by lEEE-USA, is a brief lex¬ 
icon that will help both novices and experts. The 
cost of the glossary for members is $7.50, plus ship¬ 
ping and handling; for nonmembers, $9.95, plus 
shipping and handling. 

Call 1-800-678-IEEE to order and refer to Product 
Number UH0182-6. For more information, CIRCLE 
#84 on the Reader Service Card. 


IEEE VIDEOCONFERENCES ON TAPE 
Videotapes of the 
latest IEEE satellite broadcasts 
featuring the world’s leading experts 
on critical topics in 
computing and electronics 
NEW! Qua!ity Management Approaches 
to the Malcolm Raldrige Award 
Give your company the edge IBM, Cadillac, Feder¬ 
al Express, and The Wallace Co. used to win the 
coveted Malcolm Baldrige Award. This videoconfer¬ 
ence will help you improve your quality program to 
increase market share, use the Baldrige Award as 
a self-assessment tool, build an effective quality 
team, and more. 

"The aim of the [Baldrige] program is to en¬ 
courage companies to stress quality so they can 
compete more effectively with Japanese and other 
foreign companies." 

—The New York Times 
September 11,1990 
PRESENTERS: Laurence Osterwise, IBM; John R. 
West, Federal Express; William T. Leaner, Cadillac; 
Michael E. Spiess, The Wallace Co. 

BROADCAST DATE: September 19, 1991 
Available December 19, 1991 
List Price: $695 Member Price: $399 (VC0004-2) 
ISBN 0-87942-401-X 

Fuzzy Logic: Applications and Perspectives 
Featuring a presentation by Lotfi Zadeh, the re¬ 
nowned "father of fuzzy logic," this videocon¬ 
ference explains the basic theory of fuzzy logic 
and how to apply it. See how to analyze the strengths 
and weaknesses of fuzzy logic technology, how 
to use fuzzy systems in product design, and 
how to give products human decision-making 


skills. 

PRESENTERS: Dr. Masaki Togai, Togai Infralogic: 
Dr. Lotfi A. Zadeh, University of California, Berkeley: 
and Dr. Piero P. Bonissone, General Electric. 
BROADCAST DATE: April 25, 1991 
List Price: $695 Member Price: $450 (VC0002-6) 
ISBN 0-87942-399-4 

To order the above videotapes, call 1-800-678- 
IEEE, or 1-908-0060 outside the United States. 
For a complete catalog of IEEE videoconferences and 
information on 1992 live broadcasts, CIRCLE #85 on 
the Reader Service Card. 


INNOVATIVE NEW SERIES 

IEEE Educational Activities has published two new 
monograph series for engineers In easy-to-use hand¬ 
book format. 

Engineer's Guide To Business 
Published in Spring 1991, the series brings a prac¬ 
tical approach to training in nontechnical skills for 
the engineer who wants to Increase his or her busi¬ 
ness acumen. Topics to be dealt with include writ¬ 
ten communications, oral presentations, and 
budgeting. 

Professional Case Studies 
First-hand professional experiences of recognized 
experts offer engineers the opportunity to learn from 
the mistakes and successes of their colleagues. The 
first two titles are Electric Transmission Systems by 
John Cassava and Local Oxidation of Silicon by 
Else Kooi. 

For more information, CIRCLE #86 on the Reader 
Service Card. 
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Department of the University of South Caroiina 
invites applications for faculty positions in 
the areas of artificial intelligence, computer 
architecture and computer vision. Applicants 
must have a Ph.D. in either Electrical Engi¬ 
neering, Computer Engineering or Computer 
Science. Appiicants must have iegal authority 
to work permanentiy in the U.S. The Univer¬ 
sity of South Caroiina, as the flagship uni¬ 
versity of the state, seeks candidates having 
a strong commitment to exceiience in both 
education and research. Successful candi¬ 
dates are expected to demonstrate strong 
research potentiai. Piease submit complete 
resume and the names of three references 
to Professor Ronald D. Bonnell, Electrical 
and Computer Engineering Department, Uni¬ 
versity of South Carolina, Columbia, SC 29208. 
Closing date for applications is February 1, 
1992. The University of South Carolina is 
an Affirmative Action/Equal Opportunity Em¬ 
ployer. 

Faculty, Department of Electrical and Computer 
Engineering, Florida International University, A 
State University of Florida at Miami. Nomina¬ 
tions and applications are invited for tenure 
track faculty positions (Assistant/Associ¬ 
ate/Full Professor) in power, computer en¬ 
gineering, and electrical engineering. The 
Department of Electrical and Computer En¬ 
gineering at F.I.U. the largest department in the 
College and offers B.S. (accredited), M.S., and 
Ph.D. degrees In electrical and computer en¬ 
gineering. Qualifications: Earned doctorate 
with a strong record of funded research, prefer¬ 
ably from government agencies, desire to direct 
and assist young faculty in obtaining funded re¬ 
search. Also evidence of experience in other 
scholarly areas, including publications and 
teaching. Rank and salary are commensurate 
with qualifications and experience. Applica¬ 
tions and Dates: All applications received pri¬ 
or to January 1992 receive full consideration. 
The positions will be available starting August, 
1992. U.S. citizens or lawfully authorized alien 
workers should send a letter addressing the 
qualifications above, a resume, and three refer¬ 
ences (names) to: Dr. Wunnava V. Subbarao, 
Chair, Search and Screen Committee, Depart¬ 
ment of Electrical and Computer Engineering, 
Florida International University, Miami, Florida 
33199. Florida International University is a state 
university located in two suburban areas in Mi¬ 
ami with over 24,000 students, of which 1,800 
upper division and graduate students are en¬ 
rolled in the College of Engineering and Design. 
The School of Engineering has four depart¬ 
ments: Electrical and Computer, Civil, Mechan¬ 
ical, and Industrial Engineering and is an Equal 
Opportunity/Equal Access Employer and Insti- 


The School of Electrical Engineering and Com¬ 
puter Science at Washington State University 
invites applications and nominations for a 
faculty position in analog electronics. This is a 
full-time, 9 month, tenure-track faculty position 
to be filled at the assistant, associate or full 
professor rank. The individual sought to fill the 
position must hold a doctoral degree. The elec¬ 
tronics program has traditionally been an im¬ 
portant one in the College of Engineering at 
Washington State University, enjoying the sup¬ 
port and respect of many leading industries. Re¬ 
cently, the School has established an NSF 
university/industry Center for the Design of 
Analog/Digital Integrated Circuits (CDADIC) 
with 14 participating industrial companies. The 
successful applicant will actively interface with 
the Center personnel and its research pro¬ 
grams. In addition the person filling this posi¬ 
tion should: 1) Establish and carry out a pro¬ 
gram of funded research in a significant area 
of analog electronics, 2) teach courses at both 
the graduate and undergraduate levels, 3) inter¬ 
act favorably with industry and federal agen¬ 
cies. Letters of nomination and/or applications 
for this position should be sent to: Dr. Yacov 
Shamash, Professor and Director; School of 
Electrical Engineering and Computer Science; 
Washington State University; Pullman, WA 
99164-2752; (509) 335-8148. Applications should 
include a complete professional vita and a list 
of references. Final screening will begin Febru¬ 
ary 1,1992 and will continue until the position 
is filled. WSU Is an EO/AA educator and employ¬ 
er. Protected group members are encouraged to 
apply. 


Drexel Fellowships in Biomedical Engineering 
and Science. Drexel Fellowships in Biomedical 
Engineering and Science are supported by the 
Calhoun Endowment. Students can specialize 
in the following areas: artificial organs, bioin¬ 
strumentation, biomedical imaging and signal 
processing, biomedical science, biomaterials, 
biomedical systems and control, cardiovascu¬ 
lar dynamics, diagnostic ultrasound, sensors 
and electrodes, biomechanics and rehabilita¬ 
tion. Each Fellovvship includes a minimum sti¬ 
pend of $10,000 for a 12 month appointment be¬ 
ginning Fall, 1992. With a waiver of all tuition 
and fees this award is worth approximately 
$22,000. Deadline for application is February 28, 
1992. For application write: Dr. John M. Reid, 
Acting Director, Biomedical Engineering and 
Science Institute, Drexel University, Philadel¬ 
phia, PA 19104. 

University of Colorado at Denver. Dean, College 
of Engineering and Applied Science. The 
University of Colorado at Denver invites appli¬ 
cations and nominations for the position of 
Dean of the College. The College has depart¬ 
ments of Civil Engineering, Computer Science, 
Electrical Engineering, and Mechanical En- 
gineeritig, and has strong undergraduate pro¬ 
grams. The comprehensive M.S. programs at¬ 
tract many working students from local indus¬ 
try and federal laboratories. The Ph.D. degree, 
offered in conjunction with the University of 
Colorado at Boulder, is a key element of a 
strong and growing research program at the 
University of Colorado at Denver. The Universi¬ 
ty, in the heart of the city, is one of four cam¬ 
puses of the University of Colorado System and 
shares a modern 169-acre campus with 
Metropolitan State College of Denver and the 
Community College of Denver. Total campus en¬ 
rollment of all three institutions exceeds 30,000 
students. The College has 40 full-time faculty 
augmented by adjunct faculty and 11 staff 
members to serve 706 undergraduate and 232 
graduate students. The College is seeking a 
leader who will provide vision for the College; 
who is able to interact well with students, 
faculty, and staff; and who has demonstrated 
a commitment to increasing diversity within the 
academic community. He/she must have an 
earned doctorate or equivalent in engineering 
or a cognate field and must have an established 
scholarly record to be appointed as a tenured 
full professor in the College. Strong interper¬ 
sonal, communication, and managerial skills 
are required along with demonstrated ex¬ 
perience in external fund-raising. Experience 
working with industry is desirable. Applicants 
and nominees should submit a letter summariz¬ 
ing qualifications, a current vita, and the 
names, addresses, and telephone numbers of 
at least three references to: Dr. Camila Alire, 
Chairperson, Engineering Dean Search Com¬ 
mittee, Campus Box 101, University of Colora¬ 
do at Denver, P.O. Box 173364, Denver, CO 
80217-3364, (303-556-3521). Additional informa¬ 
tion is available upon request to the Chair. Re¬ 
view of applications will begin on January 15, 
1992, and continue until the position has been 
filled. The University of Colorado at Denver is 
committed to diversifying the administration, 
faculty, and staff and strongly encourages ap¬ 
plications from protected class members. 

Purdue University School of Electrical En¬ 
gineering invites applications for tenure-track 
faculty positions at all ranks. Primary need is 
for faculty with specialization in the areas of 
computers, microelectronics, and optics; but all 
specialities will be considered. Responsibilities 
will include both teaching and research. Sala¬ 
ry is commensurate with qualifications and ex¬ 
perience. Applicants must possess a doctorate 
degree. Send a resume, including a statement 
of teaching and research interest and a list of 
three (3) references to: Head, School of Electri¬ 
cal Engineering, Purdue University, West 
Lafayette, IN 47907. Purdue University is an 
Equal Opportunity/Affirmative Action employer. 

Faculty Positions— Massachusetts Institute of 
Technology. The Department of Electrical En¬ 
gineering and Computer Science seeks candi¬ 
dates for faculty positions starting in Septem¬ 
ber 1992. We anticipate openings for several 
junior faculty appointments for individuals who 
are completing, or who have recently complet¬ 
ed, a doctorate. Senior faculty positions may 
also be available in some areas. Faculty duties 


include teaching at both the graduate and un¬ 
dergraduate levels, research, and supervision of 
theses. We are interested in candidates in most 
areas of electrical engineering and computer 
science, including artificial Intelligence, com¬ 
munications, computer systems and lan¬ 
guages, design and manufacturing, energy, and 
theory of computation. All candidates should 
write to the address below, describing their 
professional interests and goals. Each applica¬ 
tion should include a curriculum vitae and the 
names and addresses of three or more refer¬ 
ences. Additional material describing the appli¬ 
cant’s work, such as papers or technical 
reports, would also be helpful. All candidates 
should indicate citizenship and, in the case of 
non-US citizens, describe their visa status. 
Send all applications to: Prof. F.C. Hennie, Room 
38-435, Massachusetts Institute of Technology, 
Cambridge, MA 02139. M.l.T. is an equal oppor¬ 
tunity/affirmative action employer. 

Faculty Positions in Electrical Engineering, 
University of Washington. Applications are in¬ 
vited from highly qualified, research oriented 
candidates in all areas of electrical engineer¬ 
ing. The Department anticipates that several 
tenure-track positions, most likely at the assis¬ 
tant professor level, will be available for ap¬ 
pointment during the 1992-93 academic year. 
We especially encourage women and minority 
candidates to apply. Send resume with names 
of four references to Faculty Search Commit¬ 
tee, Department of Electrical Engineering FT-10, 
University of Washington, Seattle, WA 98195. 
The University of Washington is an equal oppor¬ 
tunity/affirmative action employer. 

Bioengineering Faculty Position at Arizona 
State University. ASU’s College of Engineering 
and Applied Sciences intends to seek appli¬ 
cants at all levels for a tenure-track faculty po¬ 
sition in Bioengineering. Appointment at either 
the assistant, associate or full-professor level 
will be considered depending upon the qualifi¬ 
cations of the applicant. In addition, the nomi¬ 
nation or application of Individuals qualified as 
“Eminent Scholars” are also encouraged. Ari¬ 
zona’s Eminent Scholars Program is designed 
to attract individuals of national prominence 
with special salary compensation. All areas of 
research interest will be considered, however, 
individuals with research programs in bi¬ 
omechanics, biomaterials, or medical imaging 
or artificial organs are preferred. Candidates 
must hold a Ph.D. in Bioengineering or Biomed¬ 
ical Engineering, or hold a Ph.D. in another En¬ 
gineering discipline with a history of research 
activity in Bioengineering or Biomedical En¬ 
gineering. Candidates will be expected to teach 
both graduate and undergraduate courses and 
to develop a funded program of Bio/Blomedical 
Engineering Research. We encourage applica¬ 
tions from women and members of minority 
groups. Interested candidates should contact: 
Dr. Eric J. Guilbeau, Chair of the Search Com¬ 
mittee, Department of Chemical, Bio and 
Materials Engineering, Arizona State Universi¬ 
ty, Tempe, Arizona 85287-6006. 

University of Virginia Department of Systems 
Engineering—Extension of Deadline. The dead¬ 
line for applications for the faculty position an¬ 
nounced in this journal in January 1991 has 
been extended to February 1, 1992. 


University of Hong Kong, Reader/Senior Lec¬ 
turer in Electrical and Electronic Engineering 
(Ref. 91/92-2). Applications are invited for a 
Readership/Senior Lectureship in the Depart¬ 
ment of Electrical and Electronic Engineering. 
Applicants should possess a higher degree, 
and/or corporate membership of the Institution 
of Electrical Engineers or its equivalent. Prefer¬ 
ence will be given to those having substantial 
teaching, research and other relevant ex¬ 
perience in one of the following fields: Digital 
Signal Processing and Data Communications. 
Annual salaries (superannuable) are on the 
scales: Reader: HK$501,120-665,700 (9 points); 
Senior Lecturer: HK$480,360—645,300 (9 
points) (approx. US$1 = HK$7.70 as at Septem¬ 
ber 30, 1991.) Starting salary will depend on 
qualifications and experience. At current rates, 
salaries tax will not exceed 15% of gross Income. 
Housing at a charge of 7.5% of salary, children’s 
education allowances, leave, and medical 
benefits are provided. Further particulars and 
application forms may be obtained from Ap- 
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polntmenls (39959), Association of Common- 
weaith Universities, 36 Gordon Square, London 
WC1H OPF, UK; or from the Appointments Unit, 
Registry, University of Hong Kong, Hong Kong, 
(Fax (852) 5592058; E-maii: APPTUNiT® 
HKUVM1.HKU.HK). Cioses 10 January 1992. 


Computer Engineering Department, San Jose 
State University, invites appiications for tenure 
track facuity positions. Earned doctorate in 
Computer or Eiectricai Engineering is required. 
Positions are iimited to US Citizens or Perma¬ 
nent Residents. Areas of interest are (1) Net¬ 
work Design, (2) Microcomputer Design, (3) 
Operating System and Smart Compiier Design, 
and (4) Software Engineering. The major goais 
are graduate course deveiopment and estab¬ 
lishment of a research program in the area of 
interest. Three or more years of relevant indus¬ 
trial experience are desirable. Rank and salary 
consistent with qualifications and experience. 
Open period is from 11-1-91 until positions are 
filled. Please send a letter of intent explicitly 
stating your area(s) of interest, a copy of your 
most significant peer reviewed publication (or 
a significant abstract of your recently complet¬ 
ed Dissertation) related to your area(s) of in¬ 
terest, a complete curriculum vitae, and names 
and telephone numbers of three references to 
Dr. Nicholas L. Pappas, Chair, Computer En¬ 
gineering Department, San Jose State Univer¬ 
sity, San Jose, CA 95192-0085. SJSU is an equal 
opportunity, affirmative action. Title IX em- 

Faculty Positions in Electrical Engineering. Two 
full-time, regular positions. Description- 
Teaching at undergraduate and graduate levels. 
Research in the field of specialization and ex¬ 
perience In supervising graduate students. An 
active role in administration and service to the 
community. Qualifications—Applicants must 
hold a PhD in electrical engineering, engineer¬ 
ing physics, or a related area. They should also 
be good communicators and demonstrate a dis¬ 
tinct interest in both teaching and research and 
development. Mastery of written and spoken 
French Is required as is membership, or eligibil¬ 
ity for membership, in the Ordre des ingenieurs 
du Quebec. Specific Requirements- 
Specialization in the field of integrated circuit 
is necessary for active participation in the 
University’s microelectronics research group, 
which is engaged in developing new electronic 
devices and/or materials. Relevant experience 
in the fields of microelectronics and engineer¬ 
ing physics are requisites. Applicants should 
send a curriculum vitae and the names of three 
referees by no later than 4:00 p.m. on Monday, 
January 6,1991 to: Monsieur le Doyen, Faculte 
des sciences appliquees, Concours 91-1-25. 
(819) 821-7111 (telephone); (819) 821-7903 (fax). 
Employment conditions are governed by exist¬ 
ing collective agreements. In accordance with 
Canadian immigration requirements, priority 
will be given to Canadian citizens and perma¬ 
nent residents of Canada. The Universite de 
Sherbrooke is an equal opportunity employer. 

The Chinese University of Hong Kong invites ap¬ 
plications for Senior Lecturer/Lecturer posi¬ 
tions in the Faculty of Engineering in the follow¬ 
ing areas. Department of Computer Science: 
theoretical computer science, distributed pro¬ 
cessing, multi- lingual open systems, real-world 
information and knowledge systems, graphics 
and computer visualization; Department of 
Electronic Engineering; opto-electronics, VLSI 
circuits and ^sterns, VLSI CAD; Department of 
Information Engineering: optical communica¬ 
tions and communication networks; Depart¬ 
ment of Systems Engineering: systems analy¬ 
sis and optimization, robotics, integrated 
manufacturing systems and system automa¬ 
tion. Applicants should have a Ph.D. with a 
strong research and publication record and a 
commitment to both undergraduate and gradu¬ 
ate teaching. Successful candidates are ex¬ 
pected to initiate a research program of value 
to Hong Kong and its industries. Internal and ex¬ 
ternal funds are available to support both the¬ 
oretical and experimental research. The Faculty 
is equipped with a network of some 200 work¬ 
stations with access to Bitnet and Internet. Sal¬ 
aries are competitive and the total compensa¬ 


tion is comparable to that in the U.S. Appoin¬ 
tees will receive benefits that include passage, 
baggage allowance, leave with full pay, housing 
subsidy, medical care, superannuation or 
gratuity. Please send full resume, names of 
three references and a brief research plan to 
Professor Omar Wing, Dean, Faculty of En¬ 
gineering, The Chinese University of Hong 
Kong, Shatin, Hong Kong. Fax: (852) 603-5701. 
E-mail:owing@eng.ie.cuhk.hk. 

Research Center Director—The Thomas J. Wat¬ 
son School of Engineering and Applied Science 
at the State University of New York at Bingham¬ 
ton seeks a director for the Integrated Electron¬ 
ics Engineering Center (lEEC), a newly estab¬ 
lished State/Industry/University Cooperative 
Research Center funded by the National 
Science Foundation, the State of New York, and 
private industry. The Center performs research 
and advanced engineering in the broad field of 
electronics packaging and is expected to grow 
significantly in the next few years. The director 
should hold an earned doctorate and must 
qualify for a tenured professorship in electrical, 
mechanical or industrial engineering. While ex¬ 
perience in the broad field of electronics pack¬ 
aging is highly desirable, candidates whose ex¬ 
perience is in one of the sub-fields of packag¬ 
ing will be considered. While the director will do 
some teaching and research, it is expected that 
the principal activity will be direction and de¬ 
velopment of the Center. Thus, good managerial 
and communication skills are essential. Since 
the Center is funded from federal, state, and in¬ 
dustrial sources, the director must be able to 
work effectively with diverse external consti¬ 
tuencies as well as university faculty and ad¬ 
ministration. The State University of New York 
at Binghamton is strongly committed to affirm¬ 
ative action. We offer access to services and re¬ 
cruit students and employees without regard to 
race, color, sex, religion, age, disability, marital 
status, sexual orientation or national origin. Ap¬ 
plications should be received by January 15, 
1992 to receive full consideration. Please direct 
nominations and applications—including the 
names and addresses of three references to: 
Lyle D. Feisel, Dean, The Thomas J. Watson, 
School of Engineering and Applied Science, 
State University of New York at Binghamton, 
P.O. Box 6000, Binghamton, New York 
13902-6000. 


Government/lntlustry Positions Open 


Senior Process Engineer. Design & simulate 
sub-quarter micron CMOS devices & process; 
conduct test pattern mask set design, layout & 
procurement; develop process steps; fabricate, 
characterize, model & analyze devices; charac¬ 
terize, model & design advanced lll-V compound 
devices; perform analytical characterization, 
novel process design & modeling of none¬ 
quilibrium behavior in scaled devices. Ph.D. in 
Electrical Engineering or Electrical Engineering 
and Computer Science. Academic project/re¬ 
search background in solid state device phys¬ 
ics & technology, including MOSFET silicon 
devices and GaAs device processing using 1C 
fabrication equipment including diffusion fur¬ 
nace, patterning and thin film deposition; also 
silicon, GaAs device and material characteriza¬ 
tion using electrical & analytical characteriza¬ 
tion techniques including HP equipment, TEM 
and SEM, semiconductor process & device 
simulators including Suprem and Pisces and 
computer programming in Basic, Fortran and C. 
$4,685/mo.; 40 hrs./wk. Place of employment 
and interview: Santa Clara, CA. If offered em¬ 
ployment, must show legal right to work. Send 
this ad and your resume to: Job Number 
PM 10318, P.O. Box 9560, Sacramento, CA 
95823-0560 not later than December 31, 1991. 
The company is an equal opportunity employ¬ 
er and fully supports affirmative action 
practices. 

Engineer, Senior Process. Develop manufac¬ 
turable metallization processes for multi-chip 
module technology; conduct experimental and 
theoretical modeling of materials interaction 


and impact on process reliability. Ph.D. or com¬ 
pletion of all Ph.D. requirements but disserta¬ 
tion in Materials Science or Materials Science 
and Engineering or Electrical Engineering. Aca¬ 
demic project/research background in semicon¬ 
ductor processing, including modeling, simula¬ 
tion & investigation of interactions/phase for¬ 
mation in thin-film metallization schemes using 
Transmission Electron Microscopy, X-Ray 
Diffraction & Rutherford Backscattering; also 
thin-film fabrication using Physical Vapor Depo¬ 
sition processes, CMOS 1C fabrication and test¬ 
ing, Unix & Pascal; academic coursework in 
microstructural characterization & stress anal¬ 
ysis. $4,675/mo.; 40 hrs./wk. Place of employ¬ 
ment and interview: Santa Clara, CA. If offered 
employment, must show legal right to work. 
Send this ad and your resume to: Job No. 
FC17223, P.O. Box 9560, Sacramento, CA 
95823-0560 not later than December 31, 1991. 
The company is an equal opportunity employ¬ 
er and fully supports affirmative action 
practices. 

Sabbatical or Post-Doctoral Researcher (finite 
or boundary element analysis in electromagnet¬ 
ic fields): To conduct independent research in 
the above field. Requires: PhD in this field. 1-2 
years visiting position, 50% business hours of 
which can be spent in other academic facilites 
in Japan. Round-trip airplane tickets to Japan, 
hotel fees and train tickets for domestic busi¬ 
ness trips in Japan during the stay, and compa¬ 
ny dormitory with dining service are provided 
freely. Send e-mail to yoda@ele.crl.melco.co.jp, 
or write to Kiyoshi Yoda, Mitsubishi Electric 
Corporation, Central Research Laboratory. 8-1-1 
Tsukaguchi Hommachi, Amagasaki 661 Japan. 
Located near Kyoto and other nice places to try. 

Cardiac Pacemakers, Inc. a leader in the de¬ 
velopment and technology of life sustaining 
cardiac pacemakers and implantable cardiac 
defibrillators has an opening for an Associate 
Product Manager. Associate Product Manager 
responsibilities include developing and im¬ 
plementing marketing strategies for program¬ 
mers and other external instrumentation relat¬ 
ing to pacemakers and defibrillators. Liaison 
activities and training of sales, field and profes¬ 
sional medical personnel; assistance with and 
coordination of manufacturing, distribution 
and inventory issues. Coordination of such 
company functions as research and develop¬ 
ment, quality assurance, manufacturing and fi¬ 
nance. Education and experience requirements: 
B.S. In electrical engineering and M.B.A. mini¬ 
mum; at least one year experience in new prod¬ 
uct planning in pacemaking and defibrillator 
manufacturing fields. Salary: $4000 per month. 
Please reply to S. Springmeyer, Minnesota 
Department of Jobs and Training, 390 No. 
Robert Street, Room 124, #1-238, St. Paul, MN 
55101. An equal opportunity employer. 

Electrical Engineering Manager—Will be 
responsible for electrical engineering depart¬ 
ment including training & instructing new staff 
in complex engineering design of injection 
molding machines and customers in use of the 
machines; will perform engineering functions 
as needed. Responsible for design of parts han¬ 
dling equipment, peripheral support equipment 
& related accessories; design of machines for 
specialized molding applications, statistical 
process control & quality control programming 
and use applications; application & optimiza¬ 
tion of new software, processing & program¬ 
ming of technology for field applications; and 
processing design of specialty software. Re¬ 
quires Bachelor’s or equivalent in Electrical or 
Mechanical Engineering Technology and either 
5 yrs. exp. in the job described or 5 yrs. exp. 
managing an electronic test group in injection 
molding machine plant. Qualified applicants 
should apply with resume to: The York Job Serv¬ 
ice Office, 140 North Duke St., York, PA 17405. 
Refer to Order #4448890. 

Chief Engineer; 8:00 a.m. - 5:00 p.m.; 
$49,000/year; Overtime as needed. Job requires: 
Master degree with major field of study Electri¬ 
cal Engineering and 7 years working experience 
in related field. Job also requires: 1) 1 graduate 
level course in computer circuit development; 
2) 1 graduate level course in simulation 
methods; 3) 1 graduate level course in operat¬ 
ing systems. Job duties: Perform control sys¬ 
tems design and analysis on industrial 
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products and diesel engines. Design and de¬ 
velop control system software programs for 
diesel engine fuel systems and other applica¬ 
tions. Design and develop digital control circui- 
tires and hardwares for various applications. 
Qualified applications should send resume and 
verification of requirements to: 7310 Woodward 
Avenue, Room 415, Detroit, Michigan 48202. 
Reference No. 74491. Employer Paid Ad. 

Electrical Engineer. 40 hr. work week. Rate of 
pay—Basic $20/hr, O.T. $30/hr. Job requires 
Masters Degree in Electrical Engineering. In ad¬ 
dition, a minimum of 16 graduate credit hours 
should be in classes involving circuit theory; 
utilizing computer aided simulation programs. 
Job involves the design of automotive electri¬ 
cal circuitry utilizing SYSCAP to conform to the 
specifications and requirements of auto de¬ 
sign. Simulate, design, troubleshoot and pre¬ 
pare written technical reports. Send resumes to 
7310 Woodward Ave., Room 415, Detroit, Ml 
48202 - Reference No. 64191. Employer paid ad. 

Sales Engineer for Mechanical and Electrical 
Equipment for Technical Equipment Export Co. 
in N.E. Ohio to direct export sales of technical 
equipment for oil, power and construction in¬ 
dustry in Europe and the Middle East through 
performance of the following duties: Make tech¬ 
nical presentations of company’s products, 
equipment and technology to prospective and 
existing customers; assess customer needs 
and make sales quotations based on cus¬ 
tomer’s requirements and specifications; 
negotiate contracts incorporating customs 
regulations, tariffs and international payment 
terms; consult with customer’s engineering and 
technical staff to assure compliance with cus¬ 
tomer’s needs and specifications. M.S. in Elec¬ 
trical Engineering. No exp. required but candi¬ 
date must be willing to travel to Europe and the 
Middle East every two months, travel not to ex¬ 
ceed 30%. Must have ability to speak, read, and 
write Arabic, 40 hrs./week, 9am-5pm, $31,920/yr. 
Must have proof of legal authority to work per¬ 
manently in U.S. Send resume in duplicate (no 
calls) to J. Davies, JO# 1206006, Ohio Bureau of 
Employment Services, RO. 1618, Columbus, OH 
43216. 

Electrical Engineer wanted. Duties: Computer 
simulation and analysis of automotive electri¬ 
cal systems and components using SABER 
software for electrical circuit simulation, and 
making design recommendations to eliminate 
problems. Requirements: Master’s in Electrical 
Engineering, 2 yrs exp as Electrical Engineer or 
Graduate Assistant. Related exp. must include 
research in automotive powertrain electronics 
and the design and simulation of electronic cir¬ 
cuits using HSPICE and SABER simulation 
software (or teaching the same). Must have 3 
graduate courses in VLSI design and academ¬ 
ic research in engine misfire detection. Pay is 
$3,300 per month. 40 hr/wk. Resumes to 7310 
Woodward Ave., Rm 415, Detroit, Ml 48202. Ref. 
#70591. Employer Paid Ad. 

Engineer II for NE Ohio education/researoh fa¬ 
cility to apply system theory & electrical en¬ 
gineering knowledge to analysis & desig^n of 
hardware & software for 3-D graphics (MR an¬ 
giography) & medical image processing (cardi¬ 
ac imaging), utilizing high performance graph¬ 
ics system. Design 3-D graphics for biological 
application & processing of data from image 
scanners such as CT, SPECT, & MRI. Establish 
mathematical models to describe complex 
physical processes & handle large database 
management problems, utilizing Fortran, & C in 
a Unix or VMS operating system. Utilize high 
field MRI & SPECT scanner for multimodality 
studies. Prepare projects & reports. 3 yrs. exp. 
req. in above duties & B.S. in Systems Engineer¬ 
ing or 6 mos. exp. in computer graphics & de¬ 
velopment of 3-D imaging system using MRI in 
medical applications & M.S. in Systems En¬ 
gineering (exp. may be gained during or after de¬ 
gree). Must have at least 1 course ea. In adap¬ 
tive pattern recognition & neural networks, use 
of neural network computers, mathematics of 
imaging in industry & medicine, physics of im¬ 
aging applications to industry & medicine, 
spectral analysis of random signals, chemical 
spectroscopy & system identification. M-F, 
8:00AM-5:00PM, $35,000/yr. Must have proof of 
legal authority to work permanently in U.S. Send 
resume in duplicate (No Calls) to J. Davies, JO 


#1206005, Ohio Bureau of Employment Serv¬ 
ices, RO. Box 1618, Columbus, OH 43216. 

Research Engineer—Electromagnetic Analysis 
— Electrical Machines. GE Canada’s Engineer¬ 
ing Laboratory carries out applied research and 
development for world product mandate busi¬ 
nesses such as large Industrial motors and 
hydroelectric generators. The Laboratory has 
expertise in electromagnetics, heat transfer 
and ventilation, metallurgy and chemical and 
insulation systems. The position of a research 
engineer in electromagnetics is open to the 
qualified candidates. Minimum qualification is 
a Ph.D. in electrical engineering from a recog¬ 
nized university. Industrial experience and 
background in rotating electrical machines and 
in-depth knowledge of numerical analysis and 
modelling of electromagnetic fields are re¬ 
quired. The incumbent of the position will have 
opportunities to verify new simulation and 
modelling techniques by laboratory tests on ex¬ 
perimental machines and special factory tests 
on production machines. The successful can¬ 
didate will receive outstanding compensation 
and benefits. The position has full g^rowth 
potential in a professional career band. Please 
forward your resume in strict confidence to Dr. 
H.C. Karmaker, Leader, Electromagnetics Team, 
Engineering Laboratory, 107 Park Street North, 
Peterborough, Ontario K9J 7B5, Canada. GE 
Canada is an equal opportunity employer. 

Warranty Data Analyst to track warranty infor¬ 
mation for Reliability Engineering Department; 
analyze data and recommend modifications 
and confer with on site engineers. Require 
Bachelor of Science degree in Electrical En¬ 
gineering. Bachelor’s level coursework must In¬ 
clude the following: 1) Computer Organization; 
2) Computational Engineering Methods; 3) Con¬ 
trol Systems; and 4) Engineering Materials. 40 
hour work week—8:00 a.m. to 5:00 p.m. 
$30,160.00 per year. Employer paid ad. Send re¬ 
sumes to 7310 Woodward Avenue, Room 415, 
Detroit, Michigan 48202. Reference No. 84991. 

Electrical Eng.—Supv. R&D group dealing with 
radiowave propagation studies related to sat¬ 
ellite commun. Work involves: modelling of 
prop, phenomena; design, deploymt. & data 
anal, of prop, experimts; design & implement, 
of prop, impairmt. countermeasure techniques; 
participate in int’l committees, such as CCIR, 
to establ. engrg. guidelines on prop.-related 
matters. Knowl. of comp, languages (Fortran, 
Pascal, Assembly); knowl. of VAX VMS, IBM-PC, 
DOS, & Unix. Rqmts: Ph.D. in Radiowave Propa¬ 
gation & 4 yrs. exp. as Prop. Eng. M-F, 40 hr./wk., 
8:30- 5:00; Sal: $72,000/yr. Mail resume & copy 
of ad to MD DEED, 1100 N. Eutaw St., Rm. 212, 
Balto., MD 21201; JO #9049030; Job Loc: Clarks¬ 
burg, MD. 

Assistant Staff Investigator Digital Imaging 
Systems. Non-profit health care education, re¬ 
search and hospital center seeks Assistant 
Scan Investigator Digital Imaging Systems to 
conduct research on transform image compres¬ 
sion techniques for digital radiographs. Design 
and implementation of full frame transform 
compression algorithms for picture archiving 
and communication system (PACS) in digital 
radiology department. Develop computer net¬ 
work system for X-window based radiographic 
image viewing. Investigate image processing 
techniques for computer aided diagnosis sys¬ 
tem of mamograms. Design and conduct radi¬ 
ographic observer study for image quality 
evaluation of image compression algorithms 
and image digitization systems. Prepare re¬ 
search results for publication, conferences; de¬ 
velop research funding proposals. Min. Qual. 
Ph.D. in Electrical Engineering, Ph.D. must in¬ 
clude dissertation in Digital Image Processing 
and data compression; (1) year experience Re¬ 
search Assistant, must include (6) months or 
more radiographic imaging research using ob¬ 
ject detection and estimation theory. 
$32,680/year; 8:30 am-5:30 pm/M-F. Resume to: 
Michigan Employment Security Commission, 
7310 Woodward Ave. Rm 415, Detroit, Ml 48202 
Ref. No. 69091. An Equal Opportunity Employ¬ 
er Paid Ad. 

Supervisor of Development Engineering Group 

needed by Telecommunication Power System 
firm to supervise design engineers and techni¬ 
cians performing analog and digital electrical 


engineering, software engineering and 
mechanical engineering; oversee department 
support of systems engineering development 
specifications, department component specifi¬ 
cations and qualifications functions, technical 
specifications derivations, technical support 
for manufacturing engineering and customer 
service. Will also develop component ihooming 
Inspection requirements, estimate project 
costs, oversee customer training courses, per¬ 
form applied research and write two technical 
publications per year for IEEE journals. Must 
have Ph.D. Electrical Engineering, major In Pow¬ 
er Electronics, including four years research ex¬ 
perience researching DC/DC, DC/AC, AC/DC and 
UPS pulse width modulated power supplies; 
two years project management experience in 
the telecommunications power electronics in¬ 
dustry including recent conference presenta¬ 
tions and journal publications in field. $70,000 
per year, 40 hrs/week in Seattle, Washington. 
Send resume by Dec 31st to: Employment Secu¬ 
rity Dept., ES Div., Job Order #288204, Olympia, 
WA 98504. 

Development Engineer: Apply mats. sci. & elec, 
engineering bckgd incl’g defect chem. to con¬ 
duct experiments & investigations in solid state 
physics/chem. & electromagnetic compatibili¬ 
ty theory in conjunction w/ analytical electron 
microscopy to develop advanced new areas of 
EMC technologies invol’g new mats, exploration 
& characterization. New product designs as¬ 
sociated w/interconnection components & sub¬ 
systems to support electromagnetic interfer¬ 
ence control & information transmission. Re¬ 
search into new ceramic materials & characteri¬ 
zation of material properties. Emphasis on ex¬ 
periments & modelling of EMI controlled inter¬ 
connection systems. Computer modelling for 
signal transmission properties & qualities. De¬ 
fine, plan & implement projects in new areas of 
EMI controlled interconnection systems. Req: 
Ph.D. mats, sci., EE degree & 2 yrs. exp. w/ext 
bckgd in defect chem., ceramic processing & 
characterization of microstruotures & 
microchemical analysis. Bckgd in effects of 
mat. properties on signal behavior & applica¬ 
tion of electrical measurements optimizing 
electrical properties with respect to EMC/EMI. 
Exp. in failure analysis invol’g fatigue, creep, fi¬ 
nite element analysis for stress/straindistribu- 
tion & mech. testing skills. Proven research & 
publications bckgd. Research invol’g pro¬ 
cessing & fabrication of ceramic mats. incTg 
synthesis of new matls & synthetic approaches 
& high resolution electromicroscopy & analyti¬ 
cal electronmicroscopy. 40 hrs/wk; $47,040/yr; 
contact or send resume to Harrisburg Job Serv¬ 
ice Office, 2971 N. 7th St., Harrisburg, PA 17105 
(717) 783-3270; JO #4287735. 

Senior Research & Development Engineer— 
Perform research & development for semicon¬ 
ductor micro-sensors. Design, analyze, simu¬ 
late, fabricate, assemble & test sophisticated 
semiconductor devices. Prepare photomask de¬ 
sign, silicon etching, wet chemical processing, 
thin film deposition, thin film measurement, 
silicon fusion bonding, eutectic die bonding, 
wire bonding & parametric testing. Prepare 
necessary reports. Keep current with all de¬ 
velopments in the field. 40 hrs/wk, 
8:30am—5pm. $50,000/yr. Must have 7 years of 
college. Must have Ph.D. degree in Electrical En¬ 
gineering. Coursework must include courses in 
Integrated Circuits and Semiconductors. Must 
have 1 month experience in the position offered 
or 2 years experience as a Teaching Assistant 
and/or Research Assistant. Experience must in¬ 
clude work on silicon micromachining & semi¬ 
conductor sensors. Must have proof of legal 
authority to work permanently in the U.S. Send 
resume to: Illinois Department of Employment 
Security, 401 South State Street—3 South, 
Chicago, IL 60605, Attn: L. Boksa, Ref# V- 
IL-3225-B. No Calls. An Employer Paid Ad. 

Research Engineer in crystal growth facility, 
$31,600/yr, 40 hrs/wk. Will generate and imple¬ 
ment unique algorithms for control system on 
Digital Equipment MicroVAX ll/IEEE 583 Stan¬ 
dard CAMAC Interface for use In epitaxial 
growth of AIGaAs/GaAs and AIGalnAs/GaAs 
crystals. Responsible for designing and upgrad¬ 
ing all computer programming and main¬ 
tenance of MOCVD automatic control system, 
MOCVD reactor machinery, and other research 
equipment. Will conduct research activities in 
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coorarnation with faculty members. Will super¬ 
vise and train research assistants in the use of 
MOCVD equipment. Master’s degree in electri¬ 
cal engineering required with coursework in 
computer engineering. Must have two years ex¬ 
perience in A1GaAs/GaAs and A1GalnAs/GaAs 
crystal growth by using MOCVD controlled by 
Digital Equipment MicroVAX ll/IEEE 583 Stan¬ 
dard CAMAC Interface. Submit resumes to New 
Mexico Dept, of Labor, 501 Mountain NE, Albu¬ 
querque, NM 87102. CC#1001. JO #334034., 

Electronics Research Engineer to develop 
metalorganic chemical vapor deposition 
(MOCVD) for the growth of GaAs and InP-based 
epitaxial films for optoelectronics and electron¬ 
ic device applications. Specifically research 
will be in the field of lll-V compound semicon¬ 
ductor epitaxy using organometallic vapor 
phase epitaxy (OMVPE) to form multilayered 
epitaxial structures for application to the study 
of charge transport in superlattices, to discrete 
light emitting devices and to the development 
or optoelectronic integrated circuits (OEICs) in 
which solid state transistors, detectors, and la¬ 
ser device functions are integrated into a 
monolithic single chip of lll-V semiconductor. 
Job duties include publishing In professional 
journals regarding specific research and pub¬ 
lishing on broader topics in collaboration with 
colleagues; working with highly toxic/hazard¬ 
ous materials; applying graduate-level physics, 
chemistry, and heterostructure electronic de¬ 
vice operation principles to film growth and 
characterization in the above mentioned semi¬ 
conductor materials. Characterization duties to 
Include Hall effect, photoluminescence, and X- 
ray diffraction measurements. Requirements: 
Ph.D. in Electrical Engineering or Materials 
Science (or Materials Physics and Radiation) 
and two years semiconductor research ex¬ 
perience. Graduate research must specifically 
include MOCVD growth and characterization of 
lll-V materials. Two years experience must be in 
MOCVD growth and epitaxial film characteriza¬ 
tion. Characterization skills must include abil¬ 
ity to assess and understand the crystallo¬ 
graphic, electrical and optical properties of 
multilayered epitaxial films and their influences 
on the electro optical device performance. 
$56,200 per year/40 hr. wk. Job in Tempe, AZ. 
Qualified applicants send resume with ad by 
December 20,1991 to AZ Job Service, Attn: 732A 
Re: 5406976, RO. Box 6123, Phoenix, AZ 85005. 
Emp. Pd. Ad. Proof of authorization to work in 
U.S. required if hired. 

Computer Engineer for consulting firm to be as¬ 
signed to Columbus, Ohio. Design, develop, im¬ 
plement, test and maintain complex real-time 
Unix applications on fault tolerant hardware for 
communications. Projects include: network 
management system; real time database appli¬ 
cations. Tools: Case tools; X.25 network pro¬ 
tocol; C-i- -I-; Unix; Sun Workstation. MS in Elec¬ 
trical and Computer Engineering as well as 1 
year experience In the Job described or as a 
Software Engineer required. Additional six 
months experience with X.25 network pro¬ 
tocols; TCP/IP; device drivers; object-oriented 
programming. Graduate education must in¬ 
clude one project with Unix on Sun Workstation. 
40 hrs/wk. 9:00am—5:00pm, $42,000/yr. Must 
have proof of legal authority to work permanent¬ 
ly in the U.S. Send resume In duplicate (no calls) 
to J. Davies, JO#1260327, Ohio Bureau of Em¬ 
ployment Services, PO Box 1618, Columbus, OH 
43216. 

R&D Engineer wanted. Duties: Develop new ve¬ 
hicle lighting systems, using lens design tech¬ 
niques, non-image optical techniques, fiber op¬ 
tics, holographic optical elements, light emit¬ 
ting diodes; designing lighting systems, using 
optical design packages, image processing 
systems and CAD packages; prototype testing 
and engineering evaluation of new products; 
Identify and analyze product deficiencies and 
design problems, develop engineering conclu¬ 
sions and recommend design modifications to 
correct product problems. Set up an optical 
laboratory for photometry test and optical de¬ 
sign. Requirements: Ph.D. in Electrical En¬ 
gineering concentrating in Optics. Ph.D. thesis 
research must have included optical design & 


image processing. Academic research must 
have included working in the field of optical im¬ 
age processing, geometric & non-image optics 
making dichromatic gelatin holograms & using 
each of the following equipment: laser scan¬ 
ning system for computer generated holo¬ 
grams; computer based optical image pro¬ 
cessing systems; electro-optical hybrid pattern 
recognition systems; white light image pro¬ 
cessing systems; fringe stabilized holograph¬ 
ic system for dichromatic gelatin holograms; 
liquid crystal light valve & liquid crystal display 
devices; programming in at least two high lev¬ 
el languages, laser tuneup & maintenance tech¬ 
niques & ray tracing using digital computers. 
Pay is $50,490 per yr. 40 hr/wk. Resumes to 7310 
Woodward Ave., Rm 415, Detroit, Ml 48202. Ref. 
#68291. Employer Paid Ad. 

Associate Scientist i/ii. The National Center for 
Atmospheric Research (NCAR) in Boulder, 
Colorado, seeks an Associate Scientist I/ll for 
active and passive remote sensing research. 
NCAR has excellent remote sensing instrumen¬ 
tation and computing facilities, including the 
CRAY supercomputer and SUN workstations. 
You will analyze microwave radar and satellite 
data, and will work with electromagnetic scat¬ 
tering, propagation and radiative transfer 
models. Level 11 duties Include working with rig¬ 
orous electromagnetic scattering, propagation 
and radiative transfer models. Observations 
made using multifrequency polarimetric radars 
and radiometers will be analyzed in conjunction 
with model results. Level I requirements: B.S. in 
atmospheric science, a physical science or 
electrical engineering; skill in active and pas¬ 
sive remote sensing research; knowledge of 
Doppler radar and satellite data analysis. Lev¬ 
el II requirements: M.S. in atmospheric science, 
a physical science or electrical engineering; 
demonstrated skill and knowledge in the above 
areas plus skill in using radar and radiative 
transfer models. Salary range: Level I, $2,393— 
$3,590/mo; Level II, $2,760—$4,140/mo. The clos¬ 
ing date tor this position is 5:00 p.m., December 
31,1991. Send resume for Job #1504 to: Searl G. 
Brier, Human Resources Administrator, 
UCAR/NCAR, P.O. Box 3000, Boulder, CO 80307. 
UCAR/NCAR Is an EEO/AA Employer. 

ROV Engineer—Degn custmzd ROV tools for 
subsea engnrng ops & operate ROVs offshore. 
Dvip prevntv & oorrectv maintnce pins; prfrm hy¬ 
draulic & elctr modifications & dsgn interface 
tooling to integrate machinery w/subs. Suprvs 
& train ROV crew in the operation, maintnce & 
repair of 7 & 9 fnction manipulators, stndrd 
bus/minibus microproces Ctrl systm using Intel 
technigy, closed loop boosted hydraulic fluid 
systm, CCD & SIT video camera systms. Req: 
BS in Electronics Eng. & 2 yrs exp in Job or 2 yrs 
exp as ROV Engineer. Sal: 865.38/wk; 40 hrs/wk. 
Apply at Texas Employment Commission, Hous¬ 
ton, TX, or send resume to Texas Employment 
Commission, TEC Bldg., Austin, TX 78778, J.O. 
#6422218. Ad Paid by an Equal Opportunity Em- 

Monterey Bay Aquarium Research Institute- 
Postdoctoral Fellows. MBARI invites applica¬ 
tions in the fields of biological, chemical and 
physical oceanography and in ocean engineer¬ 
ing. Selection will be made on a competitive ba¬ 
sis with particular emphasis on the integration 
of enabling technologies into oceanographic 
research. Awards are for one year, with the pos¬ 
sibility of renewal for a second year, and may 
begin any time between June 1992 and Deo. 
1992. Send: a curriculum vitae; names and ad¬ 
dresses of at least three references; transcripts 
of undergraduate and graduate academic 
records; a succinct description of doctoral re¬ 
search; and a concise statement of research in¬ 
terests, including the nature of the research 
project to be pursued at MBARI. MBARI pro¬ 
vides opportunities for innovative, technology- 
based ocean research. The Institute has 
balanced programs in engineering and science, 
with a goal of developing new technology in the 
conduct of oceanographic research. MBARI 
operates a 110’ research vessel as the surface 
support ship for our ROV and for hydrographic 
work in Monterey Bay. The Bay contains four es¬ 
tablished mooring sites in the Monterey Subma¬ 


rine Canyon, which brings the deep sea environ¬ 
ment to within a few miles of our laboratories. 
Apply by Jan. 15,1992 to: PFP, MBARI, 160 Cen¬ 
tral Ave., Pacific Grove, CA 93950. AA/EOE. 

The EPRI Power Electronics Applications Cen¬ 
ter (PEAC), Knoxville, TN, is looking for a Sen¬ 
ior Power Electronics Engineer. The mission at 
PEAC is to expedite commercialization and 
technology transfer to advanced power elec¬ 
tronics technologies for the electric utility in¬ 
dustry. Work experience In power electronics 
circuit design, testing, and trouble shooting are 
required. The newly created position requires 
strong utility power system background and 
power electronics circuit design experience. 
Responsibilities include: Engineering design of 
advanced high frequency power circuits. Ad¬ 
vanced power semiconductor evaluation. Anal¬ 
ysis and simulation of the interface power elec¬ 
tronic circuit utility power system. Interface 
analysis & simulation. The successful candi¬ 
date should possess advanced degree(s) In 
electrical engineering with emphasis in power 
electronics and power systems. Experience In 
project management Is a plus. Salary is in the 
range of $50,000 to $70,000 (plus a 20% Fringe 
benefits package) depending upon education, 
experience and performance. Respond to: IEEE 
SPECTRUM, Box No. 12-1,345 East 47th St., New 
York, NY 10017. 

Project Engineer; 40 hours/week; 8:00 a.m.-4:30 
p.m.; $38,000/year. Job requires: Master of 
Science In Electrical Engineering degree with 
a major in Electromagnetics. Job also requires: 
1) Graduate level research in which applicant 
performed analysis, design, construction, & 
testing of Radio Frequency components & de¬ 
tecting systems as evidenced by Master’s the¬ 
sis; 2) Graduate level research in which appli¬ 
cant used spectrum analyzers & microwave net¬ 
work analyzers as evidenced by Master’s thesis; 
3)1 grad, course in antennas; 4) 1 grad, course 
in microwave networks; 5) 1 grad, course in 
microwave electronics; and 6) 1 grad, course in 
fields and waves or wavesguldes. Job duties: 
Perform analysis and provide consultation to 
achieve electro-magnetic compatibility (EMC) 
in vehicles. Use principles of EMC circuit anal¬ 
ysis to perform design reviews on electronic 
components and systems during the design 
and development phase to ensure electromag¬ 
netic compatibility. Present seminars. Support 
EMC testing. Instruct and oversee technicians. 
Assist customers in defining test procedures 
and performance objectives in a cost-effective 
manner. Troubleshoot and prepare test in¬ 
strumentation. Develop/improve EMC test 
methods. Specify and evaluate special high and 
very high frequency instrumentation. De¬ 
velop/improve software for automotive instru¬ 
ment control. Model EMC problems using C 
programming language in a UNIX environment. 
Provide technical expertise to technicians, 
testers, and customers on test methods, in¬ 
strumentation, and instrument control. Review 
and interpret test results. Qualified applicants 
should send resume and verification of require¬ 
ments to: 7310 Woodward, Rm 415, Detroit, Ml 
48202. Ref #78291. Employer paid ad. An Equal 
Opportunity Employment-Paid Advertisement. 

Product Engineer; 40 hours/week; 8:00am—5:00 
pm; $34,000/year. Job requires: Bachelor’s de¬ 
gree in Electrical Engineering. Job also re¬ 
quires: 1) 1 college course in technical writing 
or technical communications; 2) 3 college 
courses in electrical circuit theory; 3) 3 college 
courses in electronic circuits; 4) 3 college 
courses in digital logic design; 5) 2 college 
courses in systems design which must have 
emphasized reliability, maintainability, and 
testability; 6) 2 college courses in electromag¬ 
netic theory and applications; 7) 1 college 
course in Pascal computer language; 8) 1 col¬ 
lege course in Fortran computer language; and 
9) 1 college course In Assembly computer lan¬ 
guage. Job duties: Design, develop, and test 
electronic instruments for use in the evaluation 
and testing of corporate products. Design and 
develop high voltage electrical test equipment 
for vehicle ignition pattern validation. Design 
and develop electronic hardware to interface 
with current and future corporate vehicles for 
accurate ignition system (primary and secon¬ 
dary) testing. Assess competitors’ vehicle ser¬ 
vice products and diagnostic tools/services and 
compare them to corporate products. Develop 
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vendor interfaces. Provide gas engine anaiysis 
and spark theory expertise as required. Provide 
overaii eiectronio design expertise as required. 
Quaiified appiicants shouid send resunne and 
verification of requirements to: 7310 Woodward, 
Room 415, Detroit, Mi 48202. Reference#79591. 
Empioyer Paid Ad. 


Engineer, Senior Design: Resp. for the design 
& deveiopment of high performance CMOS iCs 
for consumer eiectronic systems from concep¬ 
tion through iayout & finai test. Aiso responsi- 
bie for system anaiysis, circuit design & com¬ 
puter simuiation of mixed anaiog & digitai 
CMOS iCs, incl. continuous & switched- 
capacitor f iiter, video signai gain controiied am- 
piifier & detector, phase iooked ioop, & other 
types of iogic circuits. Reqs. Ph.D. in Eiec. Eng. 
& 1 yr. of exp. in job offered or in research & de¬ 
veiopment of CMOS anaiog & digitai circuits, 
impiemented on siiioon. Aiso reqs. knowi. of de¬ 
sign of high frequency mixed-mode & current¬ 
mode anaiog/digitai CMOS iCs; of design of 
different types of high frequency anaiog signai 
processing circuits (video ampiifier, fiiter, 
moduiator, detector, & phase iock ioop); of 
microcomputer architecture, interfacing, & ma¬ 
chine ianguage programming; of various CAD 
tools, Viewlogic, Hspice, Viewsim, SwitchCap, 
and Dracula (DRC & LVS); of computer systems, 
Sun/UnIx, VAX/VMS, PC/DOS; & of programming 
in C, Pascal, & Fortran. Salary: $55,000/yr. Job 
site/intervw site: San Jose, CA. Send ad & re¬ 
sume to Job CP13379, P.O. Box 9560, Sacramen¬ 
to, CA 95823-0560 no later than December 31, 
1991. Must have legal right to work. EOE. 


_.n-5:00 pm. Salary: V05/wk. Resp. for on-site 
eiectronio hardware maintenance support of 
GenRad GR16 Very Large Scale Integration 
(VLSI) test equipment under service contract to 
customers primarily in the Austin, TX area. 
These GR16 testers, selling In the 1 & 2 million 
dollar range, are used to test integrated circuits 
that comprise many of today’s more complex 
electronic assemblies. Due to the nature of this 
business, where loss of 1 day of production can 
amount to tens of thousands of dollars, less 
than 1 hour response from our Field Service En¬ 
gineers Is required during 24 hour a day, 7 days 
a week coverage. The Senior Field Service En¬ 
gineer works independently while reporting to 
a district office & coordinating with factory per¬ 
sonnel. Travel to local customer sites on a daily 
basis is necessary. Light travel away from home 
is expected. Also provides a moderate level of 
software & applications support. Resp. for 
$175,000.00 worth of inventory located at sever¬ 
al facilities. Reqs. Associate’s degree in Elec¬ 
tronics Technology or equivalent & 3 yrs. exp. in 
job offered or in electronic maintenance of 
complex test equipment. Also reqs. min. 3 years 
esp. with system software, applications, and 
hardware for semiconductor test systems (this 
exp. can be gained concurrently with the 3 years 
esp. listed above; i.e., the position requires a to¬ 
tal of 3 years of exp.) Job site/intvw site: 
Richardson, TX (provides support to customers 
in the Austin, Texas area). If you are interested 
in, and qualified for the above position, apply 
at the Texas Employment Commission, Austin, 
Texas, or send two (2) resumes to the Texas Em¬ 
ployment Commission, TEC Building, Austin, 
Texas 78778 J.O. #6422202. Ad Paid by an Equal 
Opportunity Employer. 


Reading worth 
writing for 

The Consumer Information Catalog will 
enlighten you with over 200 federal 
consumer-oriented publications. Many are free 
and all are helpful. Get your free copy by 
writing — 

Consumer Information Center 
Dept. RW, Pueblo, Colorado 81009 


NATIONAL UNIVERSITY OF SINGAPORE 


DEPARTMENT OF ELECTRICAL 
ENGINEERING 

Appointments 

^ - ^ The Department of Electrical Engineering invites applications 
for teaching and research appointments from candidates with 
a PhD degree in one of the following areas: 

Computer Communications 
Optical Fibre Communications 
Computer Architecture and Systems 
Microwave Electronics 
Parallel Processing 
Fault-tolerant Computing 
VLSI Design 
Magnetics 

Biomedical Engineering 

Besides appointments on normal 3-year contracts, visiting appointments 
for one to two years may be considered. 

Gross annual emoluments range as follows: 

Research Scientist/Lecturer S$53,160 - 64,200 

Senior Lecturer S$58,680 - 100,310 

Associate Professor S$88,650 - 122,870 

(US$1.00 = S$1.67 approximately) 

The commencing salary will depend on the candidate's qualifications, 
experience and the ievel of appointment offered. 

Leave and medical benefits will be provided. Depending on the type of 
contract offered, other benefits may include: provident fund benefits or 
an end-of-contract gratuity, a settling-in allowance of S$1,000 or S$2,000, 
subsidised housing at nominal rentals ranging from S$100to S$216 p.m., 
education allowance for up to three children subject to a maximum of 
S$16,000 per annum perchiid, passage assistance and baggage allowance 
for the transportation of personal effects to Singapore. Staff members may 
undertake consultation work, subject to the approval of the University, and 
retain consultation fees up to a maximum of 60% of their gross annual 
emoluments in a calendar year. 

Lee Kuan Yew Postdoctoral Fellowship 

Applicants for appointments as Research Scientist may aiso appiy for 
the Lee Kuan Yew Postdoctoral Fellowship, which wiil be awarded to 
candidates with exceiient academic records and research potentiai and 
who had obtained their PhD degrees in the iast few years. A tax-free stipend 
wiii be provided under the Feiiowship which wiii be held concurrently with 
the candidate’s appointment as a Research Scientist. 

Facilities 

The Electrical Engineering Department has currently an academic staff 
of 53 with 21 laboratories, all of which have excel lent facilities for teaching 
and research. In addition, there are two externally funded research centres; 
Centre for Optoelectronics and Centre for 1C Failure Analysis and 
Reliability. Facilities include a Riber 32P Molecular Beam Epitaxy System 
and 2 liquid phase epitaxy systems for research into lll-V compound 
devices. A wide range of computing resources are available, including 
numerous PCs, SUN Sparcstations, Microvaxes, and HP9000Series300s. 
The University Computer Centre operates an IBM3081 KX2, and has 
acquired a high-speed campus-wide network directly linking the staff’s 
PCs (now provided to every staff member) to the various computing 
resources, including 2 supercomputers based in the nearby Science Park. 
A number of large-scale research projects are in progress, including an 
optical LAN joint effort with Singapore Telecoms and a project to develop 
VLSI design tools jointly with Chartered Semiconductors.. 

Application forms and further information on terms and conditions of 
service may be obtained from: 


The Director 
Personnel Department 
National University of 
Singapore 

10 Kent Ridge Crescent 
Singapore 0511 


The Director 
North America Office 
National University of 
Singapore 
55 East 59th Street 
New York, N.Y. 10022, U.S.A. 
Tel: (212) 751-0331 


Enquiries may also be sent through BITNET to: 
PERLCH ® NUS3090 
or through Telefax: (65) 7783948 


CLASSIFIED ADVERTISING 
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PROFESSIONAL CONSULTING SERVICES 



Multi-Dispciplined Engineers with P.E./Ph.D. 

• Microwave, RF, Fiber-Optic Systems Design 

• Osciiiators, Ampiifiers, Fiiters, Antennas, 
Synthesizer/PLL Design. Microprocessor, 

Communication ckts, industriai Power System. 
R&D, Prototyping & Testing in our Lab faciiities. 
71-25 Austin St, Forest Hiits, NY 11375 
Ph. 1718) 793-0777 Fax i718) 793-0770 


RAINES ELECTROMAGNETICS 
Consulting Since 1972 

• Antennas and Arrays 

• Scattering and Radar Cross Sections 

• Radhaz & Environmentai Impact 

• Simulations of Fields & Phenomena 


CONTROL SYSTEM CONSULTING 

• Servo design, high performance motion 
control, synthesis, system performance, 
simulation, specs, integration, testing 

• Electrical, mechanical, hydraulic 

• Defense, aerospace, industrial experience 

30 East Gate Road A.R. Hazelton 

Danbury, Conn. 06811 (203) 743-7002 


IRA J. PITEL, Ph.D. 
Consulting, Research and Development 
in Power Eiectronics and Magnetics 

Power Supplies, Inverters, Converters, Motor 
Drives, Lighting Controls, Industrial Controls, 
Transformers, and Special Magnetics. 

MAGNA-POWER ELECTRONiCS, iNC. 
135 Route 10 Whippany, NJ 07981 
(201) 428-1197 


NOISE, TRANSIENTS AND INTERFERENCE 

• FCC, VDE, EMC/EMI 

• Susceptibility, ESD, RF, Transients, Lightning 


• Testing & Retrofit f 


TKC« 


4, Other Safety-Related Specs 
e Designs and Prototypes 
ice Training & Retrofits 


Infolytica Corp. (514) 849-8752 

Expert eieclrotnagnetlcs design & anaiysis 
using MagNet 2D and 3D FEA software. 

• motors • magnetizing fixtures 

• transformers • recording heads 

• actuators • NMR applications 

• ievitators • magnetic bearings 

• CRT design • etc... 


LEONARD R. KAHN, RE. 

Consultant in Communications and Electronics 
Single Sideband and Frequency Shift Systems 
Diversify Reception ■ Stereophonic Systems 
Modulation Systems 

Registered Patent Agent 

222 Westbury Ave. 

Carle Place, NY 11514 

516-222-2221 


CONSULTING & PROTOTYPES 

ELECTRIC MOTORS 

BRUSHLESS MOTORS SWITCHED RELUCTANCE 
STEPPING MOTORS AC INDUCTION 

MAGNA PHYSICS CORP. JAMES R. HENDERSHOT 

144 E. Main St., Suite 203 TEL: 513-393-9835 

P.O. Box 78 513-393-3810 

HILLSBORO, OH 45133 FAX: 513-393-9836 



International Compliance Corporation 
Design, Test, & Consulting 

• FCC Certification/Verification 

• VDE, CISPR, VCCI (Japan) 

• "1992” European Compliance Testing 

• Product Safety: UL, CSA, lEC, VDE 

• Electrostatic Discharge (ESD) 

• MIL-STD 461/462, NARTE-Certified Engineer 

812 Office Park Circle (214) 221-7071 

Lewisville, Texas 75057 TELEX: 403482 (ICC DAL) 

INTEGRATED CIRCUIT DESIGN CONSULTING 

Providing integrated circuit design and analysis 
consulting services with gate arrays, cell libraries, or 
full custom in digital, analog, cmos, bipolar or eel 
technologies and support services such as modeling, 
layout, verification, software, testing, debugging, 
documentation, and reverse engineering, 

1556 Halford Ave, Ste 310 Santa Clara, CA 95051 
(408) 243-7422 



Consulting, Contract R&D, and Prototyping 
integrated. Fiber, and Guided-Wave Optics 
• Applications Engineering 
• Design, Fabrication and Evaluation 
• Critical Analysis of Technology 
• Troubleshooting 
• Marketing 

R.A. Becker, D. Sc. 

President 10482 Chisholm Ave. 

(408) 446-9812 Cupertino, CA 95014 

Image Processing 
Problems Solved 

AorkAv 536 Broadway 

MbpeA nY, NY 10012 

INC. Phone 212-966-0410 

FAX 212-966-2289 




T TCnU 1 DEAN ST./BOX 151 

l“'l aUflTM HUDSON, MASS. 

VOICE: (508) 562 5820 FAX: (508) 568 1219 

RF (TO 2 GHz), ANALOG, VIDEO, 

FIBER OPTICS, PLUS, SYNTHESIZERS, 
FILTERS, A/D CONVERSION 

THE MOST TIMELY, COST EFFECTIVE, 

AND HIGHEST PERFORMANCE SOLUTION. 


O.E.M. Electronic Products 

• ]3 Year Product Development History 

• Custom. RF/Digital ASICs • RF Systems 

• Computerized Instrumentation 

• Spread Spectrum Communications 

• Finest Electronic Assemblies, Any Scale 

Locus, Incorporated 

1842 Hoffman St., Madison, WI 53704 
608/244-0500 FAX 608/244-0528 




Bitent A^ttorney 

Robert E. Malm, Ph.D. (M.I.T.) 

Attorney At Law 

Post Office Box 522 

Pacific Palisades, CA 90272 

Tel: (213) 459-8728 

Fax: (213) 573-1781 


TECHNICAL WITTS, INC. 
Engineering Consulting Services 

Technical Competence High Productivity Reasonable Rates 

Power Electronics, Analog, and Digital Circuit Design 

Industriai Automation Control System Hardware and Software 

Real time Technical Software, C, Pascal, Windows, MS-DOS, OS/2 
Analysis, Requirements Specifications. Design Reviews, Advisement 
6319-A W. Villa Theresa Drive TEL: (602) 439-1833 

Glendale, AZ 85308 FAX: (602) 547-1123 




SOFTWARE ENGINEERING 

• Real-Time Systems Analysis and Design 

• Software Engineering TVaining 

(Call for Offerings) 

• CASE TVaining and Implementation 

• Consulting Services 

• Product Development 

Carl A. Argila, Ph.D., Inc. 

SOFTWARE ENGINEERING CONSULTANT 
800-347-6903 


EW System Consulting 

• Hardware & Software Design, Analysis and 
Simulation • System Performance Requirements 
• Specifications • Test Plans & Procedures 
• System Integration & Testing 

For further information contact: 

Eckhard J. Schulz, Ph.D., President 

ESEA, Inc 5150 El Camino Real # B-IS 

(415) 962-1167 Los Altos, CA 94022 



1 ELECTROMAGNETIC DESIGN ANALYSIS | 

DS + A 

Consultancy by world leaders in 30 electromagnetic 
computation using PE2D, OPERA, TOSCA and ELEKTRA 

• recording heads • magnetic casting 

• actuators • scientific apparatus 

• transformers • NOT equipment 

• loudspeakers • accelerator magnets 

VECTOR FIELDS INC. ten (toe) esi-ttat 

UK and Europe 

Risk Analysis and Assessment 

Reverse Engineering and System Rediscovery 

Bid Preparation and Tender Assessment 
Consultant Engineers on sonar and EW systems 

35 Abbotsbury Rd, Weymouth tel and fax: 
Dorset, UK DT4 OAD 44(0)305 787600 
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CONSULflNG SERVICES 


KALMAN 

FILTER 

DESIGN 

HARDWARE & SOFTWARE 
LINEAR/NONLINEAR APPLICATIONS 
Applied Filtering 309-452-2987 

101 Robert Drive Normal IL, 61761 


Princeton Electro-Technology, Inc. 

PERMANENT MAGNETS 

MATERIALS, DEVICES & APPLICATIONS 

CONSULTING, DESIGN, PROTOTYPES, MARKETING 
Peter Campbell, Ph.D., President 
2449 Patricia Avenue Tel: (310) 287-0375 

Los Angeles, CA 90064 Fax: (310) 287-0378 


Mathematica Training 


1 INDUSTRIAL CONTROLS I 

for scientists & engineers 


CUSTOM MICROPROCESSOR CONTROLS 

Seminars, Training, & Consulting 

Cumtomixmd to moot your noodo. 


• Machine Tool Controls • Consumer Product E>esign 

Variable Symbols, Inc. 


• Medical Electronics • PrototY« Production 

Berkeley, CA 94704-1313 


'W'W T Wintriss Engineering Corporation 
■/■/4715 Viewridge, San Diego 92123 
r r (800) 733-8089 Vic Wintriss, MSEE 

Call 415-843-8701 or Fax 415-843-8702 



Technology World, Inc. 


Real Time MicrocomouterSystems 


Complete Hardware & Software Systems 
Specialists in POSIX/QNX 
Multi-million Dollar Track Record 



X WINDOWS 

• X11R4 under DOS 

• Send for your FREE report on 
PC-X Windows vs. X terminals 

Intelligent Decisions, 536 Weddell Dr #2H 
Sunnyvale, CA 94089 • 408-734-3730 
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Scanning 

The Institute 

Martha Sloan 
is 1992 President-Elect 

The 1991 general election tally gave the of¬ 
fice of President-Elect to Martha Sloan. 
Runners-up in order of votes received were 
H. Troy Nagle, Robert T.H. Alden, and Wal¬ 
lace S. Read. 

Other elected officers were: Region 1 
Director, Joel B. Snyder; Region 3 Director, 
David A. Conner; Division I Director, Ken¬ 
neth R. Laker; Division El Director, Freder¬ 
ick T. Andrews; Division V Director, Bill D. 
Carroll; Division VII Director, Robert A. 
Dent; Division IX Director, Jan Brown; Re¬ 
gion 2 Director-Elect, Arthur Van Gelder; 
Region 4 Director-Elect, Vernon D. Albert¬ 
son; Region 8 Director-Elect, Charles W. 
Turner; Region 9 Director-Elect, Hugo M. 
Fernandez Verstegen; Region 10 Director- 
Elect, Tsuneo Nakahara; and Region 3 Vice 
Chairman, Deborah M. Powers. 

A proposed amendment to the IEEE con- 
sitution to change the office of Vice 
President-Professional Activities to Vice 
President-United States Professional Activi¬ 
ties was defeated. The amendment also 
would have had the Vice President-United 
States Professional Activities elected by the 
United States membership rather than by 
the IEEE Assembly [THE INSTITUTE, 
Nov./Dec., p. 1]. 

/IT&T outage causes havoc 

On Sept. 17 the air traffic control system in 
much of the northeastern United States was 
knocked out as were many of New York 
City’s telephone links. The havoc was traced 
to a series of events and nonevents that 
caused key transmission equipment to run 
out of electric power. When a wrongly set 
safety device switched equipment from 
diesel generators to standby batteries at an 
AT&T Co. office in lower Manhattan, no one 
noticed the changeover despite audible and 
visual alarms. By the time the changeover 
was finally recognized hours later, the bat¬ 
teries were so drained that they could only 
be recharged by disconnecting them from 
the load. By then, transmission facilities had 
begun to shut down [THE INSTITUTE, 
Nov./Dec., p. 1]. 

IEEE media briefing held 

Fuzzy logic, virtual reality, and multimedia 
personal communications were key topics at 
the annual media briefing held in New York 
City in October. 

Jim Bezdek of the University of West 
Florida, Pensacola, noted that the Japanese 
were running away with commercial appli¬ 
cations of fuzzy logic. Thomas P. Caudell of 


Boeing Computer Services, Seattle, Wash., 
discussed bringing information to the 
manufacturing floor without paperwork. 
This could be done, he said, by using a 
computer-aided design system that would 
provide a three-dimensionk assembly image 
—virtual reality—to workers on the factory 
floor. 

Hugh Chang, Microsoft Corp., Redmond, 
Wash., talked of such multimedia applica¬ 
tions as a dictionary of quotations, where a 
quote is spoken while displayed on a screen, 
and a music course on Beethoven’s Ninth 
Symphony that enables a listener-viewer to 
read about the historical background of the 
piece, examine its musical architecture, re¬ 
view a measure-by-measure audio commen¬ 
tary, or hear the piece in its entirety [THE 
INSTITUTE, Nov./Dec., p. 1], 


Coming 

in Spectrum 


“TECHNOLOGY ’92," IEEE Spectrum’s annual 
overview of existing hardware and software, 
will be published in January. It will spotlight 
the major trends and advances in the fields 
covered by the magazine throughout the 
year. 

Technical areas to be reviewed are per¬ 
sonal computers, workstations, software, 
minis, mainframes, supercomputers, tele¬ 
communications, data communications, solid 
state, test and measurement, industrial elec¬ 
tronics, power and energy, consumer elec¬ 
tronics, transportation, aerospace and mili¬ 
tary, and meical electronics. 

Each article will open with a brief discus¬ 
sion by a recognized expert of the burning 
issue or issues and the most significant de¬ 
velopments in that field. The body of each 
article, written by a Spectrum editor, will de¬ 
tail the major developments in the field dur¬ 
ing the previous year in terms of both the 
hardware and the software available. 

Experts for the issue and their areas are: 
Forest Baskett, Silicon Graphics Inc., PCs 
and workstations; Wayne H. Wolf, Prince¬ 
ton University, software; David Patterson, 
University of California at Berkeley, 
minicomputers and mainframes; Israel Zib- 
man, GTE Laboratories, telecommunica¬ 
tions; Victor B. Lawrence, AT&T Bell Lab¬ 
oratories, data communications; Frederick 
R. Hume, Keithley Instruments Inc., test 
and measurement; Javier Uceda, Univer- 
sidad Politecnica de Madrid, industrial elec¬ 
tronics; Carl Weinberg, Pacific Gas & Elec¬ 
tric Co., power and energy; Leander H. 
Hoke Jr., Philips Consumer Electronics Co., 
consumer electronics; Tristan A. Kneschke, 
LTK Engineering Services, transportation; 
Thomas Fagan Jr., ITT Defense, aerospace 
and military; and Dov Jaron, National 
Science Foundation, medical electronics. 
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How EATON turned 
the power on \\dien faced with severe 
.design constraints. 


The power of 
MSC/EMAS 
speeds the 
design of an 
innovative, high 
voltage DC power 
supply switch. 

Eaton Corporation 
engineers had a tall order: 
develop a minimum 
weight, DC High Voltage 
power supply switch small 
enough for a space station. The technology is 
brand-new and the design time had to be 
significantly reduced from the usual one-to-two 
years down to a few months. 

MSC/EMAS proved to be the high- 
powered solution. 

Eaton built finite element models of electro¬ 
magnetic power switches. MSC/EMAS then calculated the 
magnetic flux distribution of each model under varying 

conditions. By altering the 
material characteristics, 
excitations and sizes, 

Eaton was able to “design” 
the model that met its 
parameters. When building 
and testing the actual 
switch, Eaton found the 
results matched MSC/ 
EMAS model results to 
within 5%. Using MSC/ 
EMAS eliminated the 
need for repetitive prototyping and testing. As a result, Eaton 
engineers cut normal design time by over 75%. 


Electric and magnetic Held problems 
are no problem for MSC/EMAS. 

Electrical engineers use MSC/EMAS to 
solve electric and magnetic field problems 
involving linear, nonlinear and anisotropic 
materials. The program lets users analyze 
the entire range of electromagnetic 
behavior... from electrostatics and non¬ 
linear magnetostatics to eddy currents 
and wave propagation. What’s more, 
these varied applications can be 
accurately simulated under one powerful, 
easy-to-use program. 

MSC/EMAS is available on a variety of 
computer platforms, from engineering work¬ 
stations to supercomputers, and is backed 
by the most comprehensive support, train¬ 
ing and documentation in the industry. 

No wonder MSC/EMAS is the world’s 
premier software package for electromagnetic analysis. 

Current information on our 
concurrent family of products. 

Apply MSC/EMAS to your company’s 
toughest electromagnetic field problems. 

For videos or brochures on MSC/EMAS or 
any member of MSC’s complete family of 
computer-aided engineering software, call 
us at (800) 336-4858 or (213) 258-9111. 

We’ll help you turn the power on. 

siwiPiY powerful: 

MacNeal-Schwendler 
L Corporation 



MSC/EMAS 

The Perfect * Complement to MSC/NASTRAN 
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To open the window of opportunity in solving 
DSP and Image problems, open our window first, 
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HYPERSIGNAL-WINDOWS™ 


Comprehensive Advanced Signal Processing Environment for Engineers and Scientists. 
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